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JOILS OF EASTERN TIBET AND THEIR DISTRIBUTION PATTERN 


. V. ZONN, Forest Science Laboratory, Academy of Sciences, USSR 


Information about the soils of Tibet is ex- 
remely meager. They might be represented 
iS unique desert, dry-steppe and meadow soils 
ound widely distributed over high plateaus and 
‘idges, but such a description would not reflect 
he diversity of soil groups undergoing forma- 
ion in various parts of Tibet, nor would it re- 
real the specific character of soil formation at 
levations from three to four thousand meters. 


In terms of its soil, Tibet is a unique region 
vhere altitude affects bioclimatic factors to an 
ixtent that causes soil formation processes to 
liffer substantially from those normally en- 
‘ountered. 


While, undoubtedly, altitude causes modifi- 
ations in bioclimatic factors of soil formation, 
t does not necessarily affect certain proper- 
ies of soils indigenous to the latitudes in which 
he territory lies. More probably, a certain 
ransformation of these features is due to quan- 
itative and qualitative variations in solar radi- 
tion. 


In this respect north Tibet differs sharply 
rom the south. In the former, the vegetation 
nd soils, for all their uniqueness, exhibit 
eatures of the temperate, cold zone, while in 
he latter, certain features typical of the sub- 
ropical bioclimatic zone are found. The N'en- 
hen-Tongla range in the west and the north 
purs of the Sino-Tibetan Alps in the center ap- 
arently form the orographic boundary between 
hese zones. 


Such differences in nature and tendency of 
oil-forming processes agree with the accepted 
lassification of Tibet into "forest" and ''steppe" 
Oils. This classification is based on the pre- 
Ominance in the south of large canyon and iso- 
ated forests, and in the north where they are 
ot encountered, on the prevalence of various 
ypes of grass vegetation. Farming is the 
rincipal form of agriculture activity in the 
outh, while livestock production predominates 
a the north. 
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The soil was studied in 1958 by a Soviet- 
Chinese expedition! who conducted their work 
in the Abo Autonomous Okrug, which occupies 
the extreme eastern Tibetan plateau and the 
mountain massifs of the central Sino-Tibetan 
Alps. In the past this part of China was known 
as the Kam region. 


The territory lies in the basin of two rivers 
— the Mintszian on the east and the Dadukhe on 
the west or, more exactly, along their tribu- 
taries, the Somokhe, Vantslantsygor, Lyaysu- 
gou, Tsakole and other rivers. The area is 
characterized by elevations of from 2300-6000 
m and average slopes of 30°-40°. Only the 
north has a more gentle, peneplain- and pla- 
teau-type relief at an elevation of 3500-4500 m 
with mountain ranges, as it were, on it. The 
relief varies between 200 and 500 m. 


The district was inaccessily 2 until 1952 
when the first road was constructed across 
it from east to west. Our foot routes crossed 
centuries-old virgin forests and alpine mea- 
dows at elevations of 2600-4100 m. 


Data collected shed light on certain problems 
of the genesis and vertical-zonal distribution 
patterns of soils, and their interrelationships 
with individual formations and unique and un- 
familiar forest types. 


The route started from Chendu, center of 
Sychuan' Province, and proceeded up the Mints- 
zian River. For the first 180-200 km to Ven- 
chan, the road passed through a moist, sub- 
tropical zonal, then entered a broad mountain 
basin; along the slopes subtropical, semi- 
desert conditions were well defined at eleva- 
tions ranging from 1500-2200 m. Xerophytic, 
semi-shrubby vegetation was found on low- 
humus, calcareous soils of the gray cinnamon- 


1 The expedition was organized by the Forest Man- 
agement Academy of the Forest Management Ministry 
of the KNR (Chinese Peoples' Republic). The author 
of the article was the soil group leader. 
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brown group. The mountain-forest zone ex- 
tended from 2300 to 3800-4000 m. At higher 
elevations it was replaced by alpine meadows, 
rocks and snow. 


at an elevation of 3300 m, the absolute maxi- 
mum temperature reaches 24°C in August and 
-25°C in January. During the day abrupt al- 
ternations of heat and cold occur. Thus, at 
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Schematic map of the 1958 work area in Eastern Tibet 


] - Boundaries of the study area; 


2 - Main route; 


3 - Boundary between 


the ''steppe!' and ''forest'! sections of Tibet. 


Information on the climate exists for the 
river valleys only. Data from the villages of 
Maerkan (elevation 2600 m), located in the 
middle of the Somokhe and Lyaysugou River 
valleys respectively, show that their climatic 
conditions differ considerably (Table 1). In 
Maerkan the climate is warmer than in Mialo, 
where evaporation and snow depth are some- 
what reduced. In Maerkan the annual precipi- 
tation varies between 665 and912 mm. Maximum 
precipitation occurs during the summer-autumn 
period, the minimum in winter and spring, in- 
dicating the monsoon nature of the moisture 
cycle. The same precipitation occurs through- 
out the whole territory independently of eleva- 
tion. Thus at Lunzhiba goskhoz, which is north 
of the city of Shadinsy located on a plateau (ele- 
vation 3530 m), the annual precipitation is as 
much as 1000 mm with the maximum from June 
to September. Snow reaches a depth of 10 cm 
in the depressions. The temperature regime 
at these elevations varies sharply. The aver- 
age annual temperature is as low as 1° C, and 
the average maximum in July is not more than 
10°C. From November to March the tempera- 
ture is less than 0°C. Only 30-35 days a year 
are without frosts (end of June to middle of 
August) and this not every year. In Shadinsy, 


642 


6 a.m. on July 13 the air temperature was 
from +1°-8°C, at 2p.m., 25°-30°C, and at 
4 p.m. it had dropped to 8°-10°C. North 
winds bring cold, rain and hail. In the north 
the growing season is no longer than 90 days; 
in the south, it may be as long as 200 days. 


The climate of the exposed, high-mountain 
sections is colder than that of the deep moun- 
tain valleys where it depends on the orienta- 
tion of the valleys and their proximity to mas 
sifs covered with glaciers and snow banks. 


In Tibet there are sharp contrasts in the 
distribution of temperatures and moisture be- 
tween individual sections of the territory and 
even greater contrast within these sections 
relative to the steepness and exposure of 
slopes. 


Tibet is usually considered a country with 
out forests covered with alpine grass vegeta- 
tion. However, in the south, forests containi 
the following species of trees are rather wid 
distributed: spruce (Picea purpurea, P. as- 
perata), hemlock (Tsuga chinensis), fir (Abie 
Faxoniana, A. recurvata, A, delavayi), juni: 


per (Juniperus), pine (Pinus delavayi, P. 
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Table 1 


Climatic characteristics of river valleys, by years 


Maerkan Mialo 
Climatic characteristics aes 
1954 1955 1956 1957 1956 
| 
Average annual temperature SoS lie Ce OO Eos 529 
Maximum temperature PS) O21 SHO). S74 30.0 
Minimum temperature —12.6/—13.0/—1 —12.8] —16.0 
Mean relative humidity, % 64 65 63 62 67 
Maximum humidity, % 72—80|72—80|73—76|74—77 78 
Precipitation, mm h O412R O05) 1 "788 1665 895 
Evaporation, mm 1299} 1304 | 1302 | 1262} 44194 
Snow depth, cm 8 Z 2 6 6 
i il 


snsata), larch (Larix potanini), birch (Betula 
bosinensis, B. playtyphylla), evergreen oak 
Juercus semicarpifolia), as well as many 
irubs, the most common of which are: bam- 
90 (Sin arundinaria), and many species of 
iododendron ranging from tree-like species 
-10 m high to small trailing varieties. Bryo- 
tytes are the predominant vegetation on shaded 
opes and mixed-grasses, beach grass (Cala- 
agrotis), etc. on sunny slopes. 


The vertical distribution boundaries of the 
rious vegetation and forest types (in meters) 
re: 


rid-subtropicalsemi-shrubs 1500-2300 
oniferous-broadleavedforests 2300-2700 


Iruce forests 2700-3600 
ir forests 3600-3800-3900 
arse larch forests 3900-4100 
hododendron thickets 3800-4050 
lpine waste 3900-4300 
liffs and perpetual snow 4300-6000 


On slopes of south and east exposure these 
jundaries are 100-200 m higher. Moreover, 
belt of virgin oak forests is clearly developed 
elevations between 2800 and 3000 m. When 
ruce forests bordering the oak were cut, the 
ik spread widely into the spruce belt often as 
gh as the upper boundary of the spruce stands. 
ine and juniper forests are found occasionally 
small stands on sunny slopes and hemlock 
rests on the shaded slopes. 


As we pass to the plateau, grass vegetation 
ipidly replaces the forests. For the first 30- 
)km forests occur in isolated patches growing 
the north slope ravines of the low ranges. 
ley then completely disappear, giving way to 
eppe-like meadows to elevations of from 3500- 
00 m where the alpine waste begins. The 
tter are characterized by low-growth vegeta- 
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tion which makes a sod with moss cushions as 
thick as 10-15 cm. 


As we know, in the mountainous area of 
Europe and Asia Minor the timber line is at 
an elevation of 2600-2800 m. Forests begin 
at these altitudes and continue to 4000-4100 
in Tibet. This is an indication of the unusual 
modification of climatic conditions, which in 
no way corresponds to that of the temperate 
latitudes. 


The presence in spruce forests of bamboo 
undergrowth also demonstrates how the ecologi- 
cal environment in these forests differs from 
that of spruce stands with which we are famil- 
iar. Lastly, the vigorous development of tree- 
like rhododendrons shows that a more favor- 
able growth environment exists for them here 
than under any other high mountainous condi- 
tions. 


Among other peculiarities the unique compo- 
sition of the ash from the needles and leaves 
of woody species, bamboo, grasses and moss 
is noteworthy (Table 2, The accumulation of 
SiO,, Al,O,, CaO and, in some cases, of MnO 
in the needles and leaves of all woody species 
except bamboo is considerably lower, but that 
of P,O, and K,O is higher than is found in woody 
species growing on podzolic and other soils in 
the USSR. Only the oak accumulates signifi- 
cantly larger amounts of all the elements in 
its leaves in comparison both with other species 
and with oak in Russia. Bamboo has the great- 
est ash element deficiency. Therefore it is 
characterized as one of these plants having 
lowest nutrient requirements. 


In comparison with woody vegetation, grass 
vegetation and mosses accumulate considerably 
larger amounts of the ash elements, particu- 
larly P,O, and K,O. Mosses are characterized 
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by a high percentage of ash and large amount 


of SiO,, Fe,0,, Al,O,, CaOand MgO. 


From the observed ash content of tree anc 
shrub leaf litter it may be surmised that the 
element cycle in the plant-soil system has 


K,0 


specific features. 


The soil-forming parent material in the si 
area is rather homogeneous and consists pri 


cipally of the weathering products of Paleozo 
shales. Only in the western section do grani 
occur; limestones and sandstones occur spor 
cally. In the river valleys the upper terrace 
were formed by glacial deposits and overlaid 
with moden alluvia and deluvia. 


none 
' 
' 


The weathering of mountain rocks is inten 
sive in the forest zone as evidenced by a soil 
depth of 60-80 cm (or sometimes more) on 
slopes as steep as 40%. In the alpine zone 
soil depths are even greater. Thus, for ex- 


ample, in Tsokusan Pass (elevation 4080 m) 
the soils attain a depth of one meter. This 
paradoxical pattern remains unexplained. 


Soil covers the mountain slopes and peaks 
to elevations of 4000-4200 m, and locally 
higher. The soils at these altitudes are not 
fragmental and are developed more fully tha 


Table 2 


at elevations of from 2000-3000 m in the mo 
tainous areas at our latitudes. These soils 

are also characterized by the combination of 
features and properties typical of both warm 
and cold regions. The development of moss 


and peat is combined with intensive accumul. 
tion of humus; there is extensive micro-agg 
gation with little accumulation of silica. Th 
formation of humus-illuvial horizons occurs 


SiO, 


in the absence of podzolization. Acid soils 
alternate with secondary-carbonate alkaline 
soils, and so on. 


0.342 


Ash 
content 


The appearance of such soil properties is 
associated with the effect of various types of 
vegetation, especially with forests. There- 
fore, the soils are described below on the 


Academy of Sciences, USSR; remaining analyses were performed in the Soil Science Laboratory 


3.984 


Ash composition of green plant tissue”, percentage of dried material (Eastern Tibet) 


Sample designation 


basis of vegetative types. 


Spruce forests soils are distributed at el 
vations of from 2700-3800 m. Here the natu 
and tendency toward soil formation are de- 
termined by the different climatic conditions 
and the hydrologic regime on slopes of varyi 
exposures where various types of spruce fo1 
grow. 


6 
The ash, total, humus composition, oxalate extract, available iron, and Kirsanov analyses were made in the Forest Soil 


Profile 6. Soils under spruce-grass-mix 
ture on Slopes of east or west exposure ex- 
hibit no signs of podzolization. The litter is 


Armanda pine needles 


Hemlock needles 


Rhododendron leaves 
Larch needles 


Grass vegetation 
Moss 


Birch leaf litter 
Spruce needles 
Fir needles 
Grass vegetation 


Oak leaf litter 
Bamboo 


No. 


Profile 


6 cm deep, the A horizon extends to a depth 
of 19 cm; the B to 50 cm, the BC to 64 cm 

and the CD to 115 cm. Horizon A is dark-g 
with a cinnamon-brown tinge; the B horizon 


1 
3 
4 


2Analyses: 
Science Laboratory of the Forest Institute, 


of the Institute of Forest Management in Peking. 


brown-yellow with well-expressed, powdery 
granular structure and clay loam texture an 
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e lower horizons are very rocky. 


On slopes of north and northwest exposure 
p to elevations of 3600-3700 m spruce-bamboo 
egetation is most widespread. Here thick soils 
f the following structure are formed: 


Profile 1. 


Layer of moss litter. 

Dark, almost black, with 
cinnamon-brown tinge, moist, 
peaty, thoroughly decayed 
layer of litter. 

Black, moist, with clearly ex- 
pressed fine-granular structure, 
isolated blocks and nutty; silty 

. to clay loams with occasional 
rock fragment inclusions, ex- 
tensively penetrated with bam- 
boo roots; friable. 

Yellow with brown tinge, bright, 
stony-clay loams, extensively 
penetrated by bamboo roots; 
moist. 

Yellow, lighter than the B,, 
silty stony-clay loams; moist. 
Yellow with grayish tinge, 
stony-gravelly-clay loams; wet. 


9-24 cm 


$, 24-58 cm 


3, 58-70 cm 


70-112 cm 


' On terminal moraine and alluvial fan slopes 
f no more than 15%-25% under moss-spruce 
‘egetation of site quality II-IV, unique peat- 
moss, gleyed soils of the following profile are 
leveloped: 


Living moss from 5-7 cm; at 

12 cm moss litter; at 20 cm 
coarse humus, peats making 

an abrupt transition into the A, 
horizon. 

Whitish-pinkish, sharply differ- 
ing from the A, and B, horizons, 
of a distinctly granular-nutty 
structure with well-developed 
gleying in the form of dark, 
azure spots. Abrupt transi- 
tion into the B, horizon. 

Dark, almost black with cin- 
namon-brown tinge; slightly 
compacted, powdery; rarely 
penetrated by roots. 

Yellow with brownish-gray 
tinge, lighter than B,, stony- 
gravelly, with indistinct blocky- 
granular structure. 
Gray-greenish from the color 
of the rocks; rocky with a 
small amount of gravelly- 

clay loam in the fractures. 


1) 0-20 em 


\, 20-30 cm 


3, 30-36 cm 


3, 36-50 cm 


SD 50-80 cm 


The strongly developed A horizon has a dis- 
inct structure which is specific to the given 
onditions. 


In the north section (Shadinsy district), where 
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the spruce, sparse-forest shrub combination 
ascends to the lower boundary of the alpine 
zone, unique mountain-meadow-forest soils 
without indications of podzolization are de- 
veloped. Such soils (Profile 33) are character- 
ized by dark-cinnamon-brown coloring and a 
powdery-granular structure. They contain 
earthworms, an extended profile with gradual 
transitions, and a small amount of gravel. 
Their total thickness may amount to as much 
as 75-80 cm. 


The described soils differ considerably in 
litter accumulation. Thus, Profile 6 soil con- 
tains 18.8 metric tons/ha; Profile 1, 26.2; and 
Profile 15, 74.3 metric tons/ha. 


Litters differ significantly in ash composi- 
tion (Table 3). The spruce, sparse-forest 
litter (Profile 33) contains the largest accumu- 
lation of Ca, Mg, P.O; and SO,; and the spruce- 
moss (Profile 15), the spruce-grass-mixture 
(Profile 6) and spruce-bamboo (Profile 1) lit- 
ters follow in descending order. The last is 
richest in SiO,, Fe,O, and Al,O,. Spruce-moss 
litter has the lowest content of these ash sub- 
stances. 


It is not impossible that the ash composi- 
tion of the litter is determined to a large de- 
gree by grass, moss and shrub vegetation 
rather than by the spruce. Thus, CaO content 
increases as we proceed from the spruce-bam- 
boo to the spruce-grass-mixture and spruce, 
sparse-forest vegetation. Spruce-moss litter 
is an exception, there being a greater accumu- 
lation of CaO in it than in Profiles 6 and 1. 

Such a peculiarity in biological accumulation of 
ash elements by the litter is also reflected in the 
total chemical composition of soils (Table 3). 
When there is a significant total accumulation 

of Ca, a rather intensive leaching of Mg and 
especially Fe,O, and Al,O, occurs in the upper 
horizons. In some cases (Profiles 1 and 33) 
there is no accumulation of SiO, in the upper 
horizons, while in others accumulation is so 
clearly developed (Profile 15) that it is com- 
parable only to podzolic or weakly-podzolized 
soils (Profile 6) At the same time, a high 
Fe,O,, Al,O,, CaO and MgO content is observed 
in those horizons where SiO, does accumulate. 
The quantities and nature of distribution of these 
substances probably indicates the predominance 
of biological accumulation over leaching proc- 
esses, even where the formation of humus- 
illuvial horizons (Profile 15) is concerned. 


The increased MgO content in the soils is 
noticeable. This is associated with the signifi- 
cant amounts of Paleozoic shales. Lastly, the 
high AL,O, content in the lower horizons of all 
soils should be noted; this may be due to sub- 
soil weathering. 


The total analysis of the clay separate 
(Table 4) also corroborates the observed regu- 
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Table 3 | 
Total analysis of the composition of spruce forest soils, percentages of absolute | 
dry weight | 
| 
S| Forest type and | 
ej site conditions CaO | MgO | MnO ! P,O, | SO, | 
a of deposition | 
A, | 
6 | Spruce-grass- 9—5 |64.00/19.67|10.42| 1.33] 8.75|1.96|0.60|0.03}0.35] 0.46) 
mixture, eleva- | S—17|12. 16/61 .69/22.96| 4.56 18.23] 1.17]0.62]0.01/0.17| 0.46] | 
tion 3450 m, 42° [24—35]10.55)60 28/25 89) 6 35 }19.39,0.8310.90)0.02/0.15) 0.34) | 
slope 42—48]10 .92)59 85/26 .23] 6.35 |19 .69] 0.88] 0.93}0.02]0.18} 0.45 
52—62| 6.91/59 .63/30.71/ 6.46 124.05) 0.86) 4.05) 0.02 )0.19) 0.49 
4 |Spruce-bamboo, O—2 |40.38'41.57|/13. 14] 2.63 |10.24] 1.16] 0.52) 0.01}0.29| 0.24 
elevation 3340 m,| 4—9 |27.14/53.57/17.10| 3.41 |13.53) 0.75 | 0.32|none |0.16| 0.18 
41° slope 4990/46 .83,60 50/20. 14] 4.29 |15.75| 0.60}0.41} ™ 10.09] 0.03 
30—40)10.45'61.88/24.61) 6.88 117.7010.63/0.84] Tr. |0.02| 0.04 
70—80| 6.49,65.08/23.77| 5.65 |48.10] 0.57} 1.23) 0.04) 0.01) 0.09) %} 
15 |Spruce-moss, ele-| 012/70 42)13.68| 6.08] 1.00} 4.74} 4.99] 0.51] 0.03!0.34] 0.32 
vation 3590 m, 122072. 99/12.65] 6.10) 1.25] 4.56/4.24/0.42| Tr. |0.29| 0.32) | 
15° slope, N-E |21—928/11.90)64 83/21 .26] 3.78 |17 .33) 0.72 | 0.78 | none | 0.14 0.18 
exposures 30—35|412.85154.86129 2118.84 120 .31/0 6611.72) 22 10 10110, fame 
56-—46|14..79|52S6|80 .35| 7.38122 00) 0.71 1070) a kO) fa ean 
50—60!15 .37/52'.95126.711 6.81119 .7210.77| 1.02 (Tr. 10.18) 0. ian 
33 | Spruce, sparse- O==10/54 72128182) 9559) 2202 | fet lo Oo (eon On Cee LOma on Oneal ) 
forest, elevation |41—16/31 66/47 55/16 .69] 3.77 |12.68! 2.03] 1.08]0.04)0.24| 0.36 
3830 m, 28° 2030 M1 SIG 7123) SO eee MSmos lone se denne O eat) 
slope 0o—65) 6.88/66 .34)24.50) 4.78 {19 6410.74] 0.99 }none!".07! 0.14 
Table 4 
Total chemical composition of the clay separate (<0.001 mm in diameter) of spruce 
forest soils, percentages of absolute dry weight 
eee Loss on 
tile) |Depth;.cm| ean2,- SiO, IRAOK |) I8HOK WINGO, |! CRO MgO | MnO] P,O, SO, 
Noun ignition 
6 8—17 LENS) | teal) oso || AO) 1) || 22 aay | OFA | a QO Be hae 0.38 
24—30d Doan i9 34.44 | 38.01] 43.65] 23.89) 0.56 | 4.28 is 0.46 0.76 
42-—48 WE ABT 33.60) 44.06 | 14,59 | 28 88) 0.47 | 1.42 ee 0.59 O78 
52—62 25.89 SOP GON eSee | Lee i223) 25) OR Quen A O77 0.70 
4 tee) BOO Ue Podicannl 27 .O0Ns Oet2l 20 (04 RORo2 oe 9ul none s|tU=os | ma Oeal 
{2—20 15.79 SS) pO ODS |) Soll WHO) MG | Mel || SAO) || Oe | 02 0.24 
| 30=40 145.50" | 37.00) 41°. 13142 .84 | 27-687) 0.5293 520 O4e"0-60 MRO en 
70—S0 10.69 Nee | Seashell Oy I Wh | OE) | Oeil 0.44 
15 Zi 2O 1 eo ADF 9S 20 90) (5.99 | 23562 OD" OG 7 | One gm Ons 7 0.40 
30—35 | 39.84 18.99] 38.371 419.43| 18.68] 0.85 | 0.34 races} 0.25 0.26 
50—60 Ao ZUEO2 soni oa) lie AON Om Germ mOnenee u 0.59 0%58 
33 ==) 70.80 ORO O28) SS)! S6S 2h eee eciSe One RGSS 0.83 
11416.) 41.87 | 30.24) 24.46) 6.13) 47.73) 0.95 led 50) Eraces, 0.60 |..0252 
20—30 | 21.22 | 38.23) 35.41) 9.27) 25.76) 0.66 4-4.69-|.0.09-) 0.08 | 0. 32/mm 
ie) SROs Al 88] 39.86] 11.55 | 28.28 Dal ony 1.83 | 0.09 0:02 | 0.ay) | 
1 i | 


larity of SiO, accumulation. 
shows greatest enrichment with Fe,O, and 


Al,0,. 


The separate 


Iron compounds are more active than 


those of aluminum in both the spruce, sparse- 
forest (Profile 33) and spruce-moss (Profile 

In the latter and in the soil of Pro- 
file 6, as distinct from the others, aluminum 


15) soils. 
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is not leached but accumulates in the A, hori 
zon. The displacement of Al,O, and Fe,O, in 
Profiles 6 and 1 soils occurs to a lesser de- 
gree, | 

In the clay separates of all soils with the ! 
ception of Profile 15, there is more MgO thar 
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‘aO. Calcium and phosphorus are accumulated 
athe upper horizons. Only in the soils of Pro- 
ile 1 does the CaO content decrease at a depth 

f 12-20 cm and the leaching of P,O, is observed 
nthe soil of Profile 15, 


This distribution of oxides does not support 
he development of the podzolization process in 
oils. Probably, in some soils the accumula- 
ion of SiO, does not occur at the expense of the 
eaching of other oxides. 


It is the clay separate's high iron content 
mhich determines its important role in soil 
tructure formation. This is even more evi- 
lent frorn the fact that while there is a compar- 
tively large percentage of particles <0.01 and 
<0.001 mm in diameter in all soils (as revealed 
ly a particle-size analysis, Table 5), the quan- 
ity of these particles in micro-aggregate an- 
lysis turns out to be two to three times smaller. 


diameter is considerably greater than in the 
lower soil layers. It may be that iron is leached 
from the clay in the form of lower oxides or as 
humates and fulvates. Moreover only bleaching 
of the A, horizon and not decomposition of its 
collodial fraction occurs. The high content of 
iron and the small amount of SiO, (soluble by 
Tamm's method in an oxalate extract; Table 

6), as well as the largest amount of available 
iron (according to Kirsanov's method; Table 5) 
testify to this. 


The fact that the iron content is greatest in 
the upper horizons is probably associated with 
the decrease of soil acidity, judging from the 
pH values (Table 5). These values (Profile 33) 
increase as we ascend the soil profile. Only 
in soil under a spruce-moss cover does the pH 
decrease to 4.5. The content of mobile Al 
(according to Sokolov's method) in the soils is 
insignificant (not exceeding 1 meq), and only in 


Table 5 


Particle-size and chemical analysis of spruce forest soils 


Micro- i 
aggre- as Exchangeable ‘Total ex-| 2a 
: ey % gates S < cations, meq change- | & 5 
oo Depth,cm ae, le % = ty 5 ieeom 11 _ | able ca- cd 8 o 
“ ein 2 @ | tions, =a 
<0.001| <o.01| <0.01 | Ba] ca | Mg | i meq So 
Le 
| i 
6 2—5 = = — G2 = = = 
Sl |) 20naS | OS G2al- dokas} Hao | lee | aoe M2 20.0 45 
Mia) || AD || WO) | AG 2 Sat BN 4 3.0 8.6 62 
42=-438" 416.08 | 39).93)|) 14517, o.7 Dyk) ne 2.6 7.8 08 
HA || W227 | Ze). Gs — ORO ] 
1 0—2 — — — 5.0 48 
4—{) — — — et! 80 
ND) ASSO) GOWS) |) ala Ac) 5A |) MO) Lest OZ 24 6 (4 
300240 ||'19-60'52.04| 32.54 “PG.2°| 8.74.29 48 14 7 36 
50==60) 113-85) 39-93) 23.65 6.3 GO) jp O.5) 8.6 19 
7080 WA2522) 37.95 —- 6.5 . NZ, 
31 
15 ay = == = 56 
J 12== 10 — _- _ Dat | 30 
Pi = D8 | P25 | DEBS A856 4.6 Deal. AheQe| Aas ie 104 
RO Ssey aie 29) ey a0) 9.92 LP) Ql bo AeA 4.6 8.3 129 
36—46 6.69 | 34, 12 t398 DOM 2 sone leno 48 8.9 96 
3 0—10 = — — 6.2 — = — ef — 
‘ 11—16 | 23.38 48 84 — So ee i Hess | Aw 45.8 — 
2030 a 23206) 09228 — Ha) || AO S0 Bats) Se —_ 
40—50 | 18.32 | 48.48 _ GO | Aes) oat leD) 16.6 = 


The percentage of particles <0.001 mm in 
liameter is greatest in the upper horizons and 
lecreases with depth. Even in the soil of Pro- 
ile 15 at a depth of 21-28 cm, where podzoliza- 
ion is morphologically most clearly defined, 
he percentage of particles <0.001 mm in 


647 


the A, horizon of Profile 15 does it reach 4.98 
meq. 


The sum of exchangeable cations (Table 5) 
in the soils does not exceed 17-24 meq except 
in the case of spruce sparse-forest soil where 
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Table 6 


SiO, and R,O, content soluble in oxalate 
percentages of absolute dry weight 


—_— 


Pro- 
file Depth, cm | SiO, | Fe,0; | Al,O, 
No. 2 
6 8—17 Ossie whee 0.94 
24—309 ORZS a MA) 1.66 
42—-48 (Q) Ass || fh (oval 1.83 
Al 4—9 ORT IORGG Ne MG 
42—20 (Oe | Ae 0.56 
30—40 Oc | eG IWS 
15 21—28 Danks | was 2 
30—35 O20 | Set 4.52 
36—46 Oy 2) |) sa 4,05 
ats) O0—10 OV | Og) 0.80 
11—16 57S. || 10) sfejil OS 
20-30) O 19 | ORT | L.64] 


it increases to 45 meq. The amount of ex- 
changeable cations in all soils decreases sharp- 
ly with depth (but it is not less in the horizons 
where SiO, accumulates). Catt and Mgt* are 
the predominant cations except in horizon A, of 
Profile 15, where exchangeable Ht is the most 
abundant. There is no more than 9-37 meq of 
Ht in all the remaining soils. Under a spruce- 
grass mixture association the amount of ex- 
changeable H+ (in percentages of sum of cations) 
increases with depth; under all the other soil 
groups it decreases. This illustrates the var- 
iety of processes occurring in them. 


The soils of Eastern Tibet are characterized 
by a large accumulation and unique composition 
of humus (Table 7). Under spruce-bamboo 
(Profile 1) and spruce, sparse-forest (Profile 
33), there is a greater accumulation of humic 
than of fulvic acids; their ratio exceeds 1:2 
and is more characteristic of chernozem than 
of podzolic soils. In the soil of Profile 1 ful- 
vic acids are intensively leached down to depths 
of 30-40 cm, where there is almost four times 
as muchas intheupper layer. Spruce-moss soil, 
where the ratio of carbon in fulvic acids is re- 
duced from 0.51-0.16, is closer to the moist 
subtropical forest soils than to north soils. 


Soils of fir forests are usually at elevations 
from - m. Under a fir-moss-and- 
rhododendron canopy, soils with morphologi- 
cal signs of podzolization are formed. In some 
of them (Profile 9) there is a distinct A, hori- 
zon (from 14-22 cm), light-gray in color with 
a pinkish tinge, under a thick (as much as 
14 cm) peaty litter. Below is the B horizon, 
often of distinctly humus-illuvial nature and 
reaching a depth of from 63-93 cm; under this 
a stony-gravelly CD horizon is found. Some- 
times the A, horizon (Profile 11) is not ex- 


648 


pressed or is of a spotty character. There are 
from 33.9 (Profile 11) to 39.7 (Profile 9) metr 
tons/ha of litter. This is one-and-one-half to 
two times more than is found in spruce forests: 
A total chemical analysis of the soil (Profil: 
11) at an elevation of 3710 m and a 42° slope 
(Table 8) reveals an accumulation of SiO,, a 
reduction of CaO and P,O, in the A, horizon 
(15-22 cm) and a sharp increase of Fe,O, in 
the B horizon (30-40 cm). However, analyses 
of the clay separate indicate accumulation in | 
the A, horizon of SiO,, Al,O, and MgO, leach-— 
ing of Fe,O, in the B horizon (30-40 cm), and | 
accumulation of CaO in the upper 30 cm layer. | 
Such a distribution of oxides indicate the ab- 


sence of a podzolization process in these soils 
' 


In Table 9 a clay migration and a reduction 
of micro-aggregation (Profile 9) may be ob- 
served in the soils. This is inaccord with | 
the more acid reaction of horizon A, and with | 
the decrease in exchangeable Ca** and increas 
in exchangeable Ht. An increased amount of 
SiO, soluble in oxalate extract is observed andi 
a reduction in Ht and Al except in A, and A, 
(5-10 cm) horizons, as may be seen from the 


following data (Profile 11): | 
| 


Depth, cm SiO, FeO ALO. 
5-10 02337) 05149 1.075 
15-22 0.165 0.574 1.692 
30-40 0.187 1.529 1.341 


The distribution along the profile of the mo 
mobile Fe compounds (according to Kirsanov, 
Table 9) also indicates their migration into th| 
B horizon. 

Such a migration of soil minerals is associ] 
ated with the increased acidity of the humic 
substances (Table 7), from the increased con 
tent of fulvic acids and their migration to low 
horizons. The increase of carbon in the resi 
due demonstrates its stable bonding with soil 
minerals. In general, leaching processes 
proceed more intensively under fir than under} 
spruce forests but here, too, the break-down 
of the colloidal fraction is not noticeable. 


Soils of larch sparse forests occur at ele- 
vations from 3900-4100 m. They are distin- 
guished by the accumulation of coarse humus 
litter (up to 7-8 cm in depth), general thinnes; 
and considerable rockiness. They have suf- 
ficient humus and exhibit only weak leaching i: 
the lower horizons of Al,0,, CaO and MgO 
(Table 8, Profile 8). The percentage of parti 
cles <0.001 and <0.01 mm in diameter is les 
than in other soils; Ca** is the predominant 
exchangeable cation, the pH ranges from 5.6- 


6.3, and the migration of iron is not develope 
(Table 9), 


Thus, with increase in elevation the leachi 


SESE See 
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Table 7 


Humus composition of Eastern Tibet soils, percentages of total carbon content 


C in 
Extracted by Aree humic 
ee Depth, cm is Humic Fulvic ee Resi- acids 
Ne Alcohol- Decalcifi- acids jacids | “y due | C inful- 
benzol cation VIC 
— acids 
4 (== 23.07 4.8 0.8 18.7 Dione Soy | Ae | 0.74 
4-9 | 40.24 44 1.3 | 31.5 | 23.4] 60/340] 1.36 
42—-20 5.89 Be7 1.2 44.0 ip 1See 8285.5 F 2.64 
30—40 1.86 3.2 32 12.10 SW 544 W559 1922.Gam 027 
15 t0=O04 | e878 9.7 0.4 12.6 "ge 245 4/01047.9°" 10054 
Piepee| wi. 40 8.0 1.4 10.4 | 38.0| 5.21370] 0.98 
30—35 3.08 sik Dash 8.4 bao Weta. 6 els 8 0.16 
36—46 3.60 3.0 1.4 O25) We Ot Oules74 Sal 16.7 # WO4s 
| 33 0—10 | 31.98 6.2 2.6 25 4S 16.7 20.6) 485 le 4.52 
("16 | $4281 44 1.6 22 5 25.4 i 2 | Ae Oe Ole 
| 20—30 3.64 4.7 1.4 3610 eal) 32-15) 1-6] O42 A 
40—50 2.06 6.3 2.0 36.9 i) 19.9./ 22.4 | 32.5.) 4.95 
41 0—5 32.36 Nel EP Aaah AlGaeel SOOO 0) 0.89 
5--10 4.38 9.6 23 10.4 | 28.6] 4.14 | 45.0] 0.36 
15—22 2.45 11.8 3.3 40.2 7 34.0.1 475./39,2 } 0.33 
30—40 2.18 On 2.8 8.7 49.4 GO) SHG 0.49 
8 Deas 42.05 5.8 4.4 142" 9) 20.4 e419 | 15649. 48 10.55: 
iO 4.43 4.5 1.4 11625) 2B 9457 1) 4655 We 0,62 
20—30 eel 3.8 4.9 DEO GRD 4.0) 33.9 OATS 
24 GQza8 he 4e010- | 10574 | 2273 171) 10 OOS Hoek a) ls 
3—12 4.69 4.5 16.4 26 | 44.5 1° 41.7 14053 m) 456 
13—35 4.47 OFF Do D381) | 30.65) 62.871 AOR Ws 0876 
28 0—10 9.65 3.4 1.6 2378 Tl 19, Sale Gadel Oe a eTG 
15—25 5.16 oS 4.2 HOWE 6) 22233) P0234\23 (5m 14 84 
30—40 2.31 2-9. 4.7 O35). Gl, De sGlaeSOal oan 219 
43—51 4.81 3.3 23 48-6 | 20:4'| 6258.) DONeH © 2.380 


rocesses diminish and saturation increases. 
Vhether this is due to elevation alone, or 
hether degree of slope also plays a part, is 
question requiring further study. 


Rhododendron thicket soils of varying kinds 
re distributed at elevations from 3800-4050 
1. Asa rule they are excessively moist, 
ighly clay loam, possess a pseudo-podzolic 
» horizon along steep slopes, and are gleyed; 
eir pH varies from 4.8-5.3 and exchangeable 
ydrogen comprises 65%-71% of all exchange- 
ble cations. The humus-illuvial horizons are 
10st prominent. 


Let us briefly examine the soils of oak 
rests. These are found on slopes of south 
nd southeast exposure at elevations of 3700- 
600 m. Under virgin oak stands the litter 
lay be as deep as 3 cm although there is no 
lore than 26.5 metric tons/ha of it. The fine- 
arth layer here attains a thickness of 50-80 
m. 


At elevations of from 2600-2900 m, where 
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the forests have ordinarily been cut and re- 
placed by secondary growth of scrub oak, the 
soils have a low humus content and a basic re- 
action (pH of 8.1-8.3) is due to calcium car- 
bonates. 


On slopes of southwest exposure the CO, con- 
tent in the soils is as follows: 3-13 cm, 1.53%; 
20-30 cm, 2. 39%; 38-48 cm, 5.21%; 55-65 cm, 
3.48%; 75-85 cm, 3.38%. On slopes of north- 
east exposure, CO, appears at a depth of 45-55 
em in the amount of 6.81%; at 65-80 cm, 4.09%; 
and at 90-100 cm, 4.04%. 


CaCO, is of secondary origin, appearing as 
the result of internal soil moisture evaporation 
as a result of the forests being cut. The Paleo- 
zoic shales on whose deluvia and elluvia the 
soils were formed are lime deficient. 


At elevations of 3900-3600 m, under a 
virgin oak canopy, the soils (Profile 21, ele- 
vation of 3560 m, 25° slope and southeast ex- 
posure) contain no carbonates. They differ 
sharply from soils under spruce and fir forests 
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SOILS OF EASTERN TIBET 


Table 9 


Particle-size composition and certain chemical properties of fir and larch forest and 
mountain meadow soils 


: aaa Micro- | ,, Soles Sug 
2 Gininere ats ageregate| © § Exchangeable = a A ge 
© | Depth, > © — \content,% ae oO gercd So is oe 
m an eu: XB S86 & 
Oo omer ood oS es 
S <0.001 | <0.001 | <0.001 | m2 aoe ee 

mm mm mm Baw we oS a ul eee 
ga 40—12 rae 2h — 4.6 | Not determined 99 
16—20 49.81 57.64 34.05) 4M GHPesry OS 50) (64. (0 
35—40 23.94 50228 43-53) 5S. GM ROCON Tt Soo rraO ri 19s, (maze 
50—60 22.94 58.28 = SOMimor oA BQN TOR) SQRGRPtia3 
70— 80 24.67 36.65 = 6.0 | Not determined — 
443—129 = = = 6.25 if 4 107 
8 | 7-10 we = =, 5. GiacoG a al AGhoa| e2eie eooue 
| 20—30 13.04 36.62 = CEO alDinl oleae Ula Onin ele ce 
40—50 9.73 34.11 = gay ae ae a 45 
2A 312 22 44 53.57 = Bene i ls oO EOnvenl 2ieO 49 
43—35 tS 45.24 — Cy ess leet ale the 5 
36 0—6 20.08 49 43 A166 | S5e52v1292 O24 0-8 1172 = 
10—20 24.20 54.45 O7201 | SGA TSO OG OFS 44.3 bse 
25==35)-) 1121.08 50.16 C7e86 | Seal SOM) GGA OTS i Bless = 
50—60 20.95 47 .46 AQ.7S | SASHILSGE Mia OrOm 8079 BUA ” 
| 75—85 14.34 39.31 = eh || Not determined = 
| 400—105 6.66 13.7 = 5. 6nieds' ui i i = 
Pee 0-10. | 47282 39.12 6x06 26 ane = Pel 4 
15—25 20.12 45.40 16224 ||) G2 22s tales. StlalOso Wib2Tes 3 
) 30—40 23.35 46.15 DE 09 seria led oe Ounleee Oml ae lip ote 2 
| 43—51 17.42 41.40 23°88 |) Chor O. 0. 4. 0eleOe2.n ond ia) 
| 53—58 18.60 47 04 = Geto) 4 eon (OROs tetas 3 
| 60—70 9.27 24:36 ae a7 | Not determined 13 
88-96 28 ue ee 716) i is } 3 


1 that they possess smaller amounts of Fe,O, 
nd Al,O, (Table 8), there is almost no migra- 
‘on of these compounds in the profile, and 

lere is more intensive migration of CaO with 
‘S evident accumulation in the litter and hori- 
on A; only MgO increases with depth. Migra- 
on of the clay particles (Table 9) is not pres- 
nt. The soils are saturated with Ca**. The 

* content is insignificant and their reaction 

s almost neutral (pH of 5.9-6.4). Available 

‘on (by the Tamm method) at a depth of 3012 
m constitutes 0.963%, at 13-35 cm, 0.119%; 
L0, makes up 0.493% and 0.248%, respective- 
. In the A horizon,accumulation and the larg- 
3t amount of available compounds (according to 
irsanoy) are observed. 


Humic acids, the separate extracted by de- 
jileification, and the carbon in the soil resi- 
le are predominant components of the humus. 
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aunder fir-rhododendron vegetation, elevation 3625 m, NW exposures, 31° slope. 
bAlpine meadow, elevation 4080 m, S exposure, 22° slope. 


The ratio of carbon in humic acids to carbon 

in fulvic acids in the A horizon is more than 
1.5, These facts indicate the special character 
of the humus, whose action on the minerals of 
the soil is not intense. 


The soils of Alpine meadows, at elevations 
of from 3900-4100 m and with slopes not ex- 
ceeding 30°, have a fully developed profile as 
much as one meter thick. 


Here is found a distinctly developed, strong- 
ly-sod, cinnamon-brown to brown, powdery, 
structureless A, horizon to a depth of 6-7 cm. 
The A, horizon, which extends to 22 cm, also 
is cinnamon-brown to brown in color. It is 
powdery-granular, clayloam. The B horizon 
is detected to a depth of 74 cm; it has a muddy- 
brown color, is powdery-granular and gravelly. 
The CD horizon, extending to a depth of 105 cm, 
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is very gravelly-stony. 


Roots may penetrate to a depth of from 70- 
75 cm. In similar soils from the Tsokusan 
Pass (elevation 4080 m) particles <0.001 mm 
in diameter constitute as much as 24% of the A 
horizon; <0.01 mm, up to 54%; the proportion 
of the latter particles gradually decreases with 
depth (Table 9, Profile 9). 


The degree of micro-aggregation is high; 
micro-agegregates of <0.01 mm in diameter are 
two to four times less numerous than particles 
of the same diameter as shown by a particle- 
size analysis. The weakly-acid soils have a 
pH of 5.4-5.8. The exchangeable hydrogen 
ion content reaches 1 meq with an exchange- 
able-cation total of from 17.4 meq in the A 
horizon down to 5.5 meq in the lower B horizon. 
Cat+ is the predominant exchangeable cation. 
Thus, unique soils developed on the highest 
points of the relief are considerably more 
saturated than those of the Caucasus and other 
mountain system Alpine meadows. 


Soils of the high-mountain plateau. At ele- 
vations of from 3400-3700 m in the north so- 
called steppe section, soils of two types occupy 
the largest area: 1) peaty-humus soils with 
lowland peat of from 20 to 70-100 cm in thick- 
ness predominate along the most peneplained 
surfaces (formerly broad valleys with weakly- 
incised river channels); 2) singular, steppe- 
type chernozem-like soils are developed along 
mountain ridges which rise 200-300 m above 
the valleys; the humus content, which reaches 
10% in the A horizon, decreases gradually to 
1.8% at a depth of 50 cm (Table 7, Profile 28). 


Such soils near the Lonzhiba goskhoz, with 
a 12° slope and elevation of 3580 m under a 
short, mixed-grass meadow possess: a sod 
horizon of as much as 15 cm in thickness, an 
A horizon extending to 41 cm, an AB horizon 
to 53 cm and a BC horizon to 80 cm. The fine- 
clay loam A and AB horizons possess a very 
well developed granular structure. Beneath 
there is a rather abrupt transition to gray- 
cinnamon-brown kaolinized norizons with 
mottled coloration. At a depth of from 80-90 
cm the structure of the shales is preserved, 
and the horizons are small and kaolinized. 


The total analysis of composition (Table 8, 
Profile 28) confirms the distinctly dual-mem- 
ber nature of these soils. At a depth of 51 cm 
and lower there is a higher Fe,O, content and 
a lower content of CaO, MgO and P,O, than in 
the upper layer. In the latter, according to 
total analysis of the clay separate, migration 
of the sesquioxides of Fe, Al, Ca and Mg is 
clearly expressed. 


In the lower layer the Ca content is sharply 
reduced; as in the other soils, it is less than 
the Mg content. With soils possessing a high 
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degree of micro-aggregation, the migration | 
of clay particles is noticeable down to a depth 
of 50 cm (Table 9). Because of saturation of | 
soils by Ca and Mg, the reaction is neutral. | 

Analysis of the humus (Table 7) shows tha 
these soils differ from alpine meadow soils ir 
possessing a predominance of humic acids. | 
Their specific weight increases with depth | 
while the fulvic acid content remains constant! 
Associated with this fact, the ratio of C in 
humic acids increases with depth from 1.74- 
2.38. Of the soils we have examined, this 
soil possesses the highest such ratio. 


Thus, despite the short period with above-: 
freezing temperatures (90 days), intensive 
humification goes on in the soils which leads 
to the formation of a chernozem-like profile. 
Previous warmer and moister soil-forming 
conditions are indicated by the presence of th} 
kaolinized products of shale weathering. 


! 


) 
| 
| 


{ 
i 


Among the principal and outstanding fea- 
tures of soil formation at elevations of 3, 0004 
4,000 m in Eastern Tibet are the following: | 

| 
| 
| 


1) The formation of fully developed soil 
profiles, despite slopes averaging 40° or 
more and an increase in thickness with eleva- 
tion up to the alpine waste lands, 2) The higl} 
degree of micro-aggregation along with quite} 
weak, often slight clay migration in the pro- 
file. 


Morphologically developed podzolization in 
certain soils is not confirmed by chemical 
analysis, which indicates an accumulation in 
the A, horizon of Al,O,, CaO, MgO and P,O,. Th) 
evident leaching is not accompanied by breaki 
down of the colloidal fraction of the soils. | 


The increase in SiO, content in certain 
soils on the lower portions of slopes may be 
associated with its precipitation in the form 
chalcedony or opal from water entering from} 
the Alpine zone; there the solubility of SiO, 
is probably great. The predominance of Mg 
over Ca in the clay fractions demonstrates t 
"magnesium" character of the soil province: 
the present soil-forming parent material hasé 
had its effect on the processes of soil forma 
tion. 


The richness of the soils in iron and alu 
um is due to the weathering intensity of pare? 
material and the continually increasing effec? 
of the transportable products of organic dec 
matter which accumulates under the forest 
canopies. Therefore, the soils differ signif 
cantly in humus composition from those fam 
iar in the literature; the high ratio of C in 
humic acids to that of fulvic acids emphasiz 
this fact. 


All soils possess such unique characteris 


SOILS OF EASTERN TIBET 


at it is difficult to relate them to soil groups 
own to us from other mountainous countries. 
wvertheless, at the present stage of investiga- 
ms it is more to the point to draw analogies 
tween them and already-studied soils, while 
aphasizing their provincial differences. These 
e due to a high-mountain environment over- 
id with both subtropical and moderately cold 
oclimatic zones. 


We have isolated the following groups and 
bgroups of soils: 


1) Cinnamon-brown earths: under oak 
rests, consisting of: a) cinnamon-brown, 
condary-calcareous soils leached in varying 
grees at elevations of 2600-2900 m on slopes 
south, southeast and southwest exposure; b) 
own-cinnamon-brown non-calcareous soils 
slopes of the same exposure at elevations 
from 2900-3600 m (Profile 21). 


2) Brown earths: under coniferous-broad-_ 
aved and spruce forests, consisting of: a) 
rk-brown soils at elevations of from 2600- 
00m; b) brown soils on south and south- 
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east slopes at elevations of from 3000 to 2500- 
3600 m; and c) brown, peaty, leached soils 
along the north and west slopes at elevations 
of 3300-3700 m. 


3) Pseudo-brown-podzolic: under fir and 
fir-spruce forests at elevations of from 3600- 
3800 m on slopes of north and west exposures 
with subgroups: a) pseudo-brown-podzolized 
(Profiles 11 and 9); b) peaty-gleyed, pseudo- 
podzolic and pseudo-podzols (Profile 15) 


4) Alpine meadow-forest soils: under spruce 
and larch sparse forests at elevations of from 
3800-4100 m. 


5) Alpine chernozem-like-mountain-meadow 


("'steppe-like") soils at elevations of from 
3500-3800 m. 


6) Alpine peaty-humus-gleyed and low-moor 
soils at elevations of from 3300-3500 m. 


7) Alpine mountain-meadow soils at eleva- 
tions of from 3800-4100 m. 


Received March 18, 1959 


AGRICULTURAL SOIL DISTRICTS AND RELATIVE EVALUATION 


OF SOILS! 


A.S. FAT'YANOV, Gor'kovskiy Agricultural Institute 


The division of the administrative oblasts and 


krays into agricultural soil districts has been 
practiced for a long time. However, the re- 
sulting data have been used very little by plan- 
ning and operational organizations because 
these results are still too general. Neither an 
adequate consideration of the productive capac- 


ity of the soils nor an economic evaluation of the 


lands has been achieved. Excessive detail about 
individual soil boundaries and insufficient know- 


ledge of how to combine them into management 
groups on the basis of similarity in fertility 
level and improvement methods have also hin- 
dered the use of cartographic and explanatory 
materials by local workers. 


In order to transform the data of agricultur- 
al soil districts into a really scientific basis 


for solving practical problems such as planning, 


allocation, specialization and organization of 
agricultural production, they must be made 
thoroughly specific. One of the ways to ac- 
complish this is to calculate as fully as possi- 
ble the production characteristics of soils, in- 
cluding a quantitative evaluation of their fer- 
tility.2 Then the agricultural soil districts 
will be specific units defined on the basis of 
both natural conditions and production indices.3 


When dividing Gor'kovskaya Oblast! into 
agricultural districts (in 1956), we tried to 


1 Presented at the First Delegate Session of Soil 
Scientists, May 1958. 


*The first attempts to evaluate lands which are 
now a part of Gor'kovskaya Oblast' are to be found 
in 16th and 17th century cadasters; in 1838-1867 the 
Ministry of State Properties evaluated the lands. 
Dokuchayev (7) and Sibirtsevy (3) made the first 
scientific evaluation of land. 


3 By agricultural soil district we mean a natural 
management unit which possesses a uniform climate, 
approximately uniform levels of soil fertility, and 
consequently the same farming system (i.e. produc- 
tion measures which guarantee rational agricultural 
usage of the land and improvement of soil fertility) . 
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work out a scale of relative soil evaluation 
which would have basic agricultural manage- 
ment value.* The first results of this effort — 
are reported in this article. 
By relative evaluation we mean the numer. 
cal relationships between soil fertility levels 
for afarming system. Fertility, of course, | 
is the most important agronomic property of 
soils, determining their productive value. | 
Soil fertility indices accepted by both scientis 
and farmers are: the humus content, thickne 
structure, P,O, content, etc. of the plow layd 
Combined use of the foregoing and other indi 
will produce a more or less correct descrip-— 
tion of this most important of soil properties| 
However, a much more objective and desir- 
able quantitative index of the soil fertility lew 
is systematically obtaining crop yield. It is 
therefore obvious that an evaluation of soils | 
(classification by site index) from crop pro- | 
ductivity data is both possible and expedient i 
the present time. 


When large-scale soil maps are available} 
the relative evaluation of soils in each indivi) 
al farm may be conducted under production 
conditions by computing the yields on specia 
small plots or on large sections. The latter} 
of course will be more accurate. A series 
procedural difficulties arise when evaluating} 
the soils of large areas: possible climatic 
differences and non-homogeneity in the level} 
of agricultural practices on the farms must } 
taken into account. 


An analysis of meteorological data indica 
that there were no differences in climate bet 
the various districts of Gor'kovskaya Oblast’ 
significant enough to introduce correction cot 
efficients into soil fertility calculations. Thi 
effect of cultivation intensity on soil fertilityy 
is more complicated. Preliminary processii 
of statistical materials on relative productiw 


} 
} 
j 
} 


‘All the data of this report relate to the Gor'ko 
skaya Oblast', 1956, 


; 
j 


| 
| 


AGRICULTURAL SOIL DISTRICTS 


a taken over many years with the same agri- 
tural practices distinctly exhibit the signifi- 
ce of the natural features of comparable 

ls through difference in fertility level (i. e. 
oo yield I, which is based on soil 
lity). 


Our method for obtaining the relative evalua- 

1 of soils (as points on a scale) consists of two 
ps: 1) Computation of relative yield indices; 
Computation of soil evaluation numbers. 


It would have been most expedient to use 

ld data from State experimental plots in 
reloping a relative soil evaluation scale. 
wever, they by no means contain all the 

st important agricultural soils in Gor'koy- 
ya Oblast. Furthermore, the level of agri- 
tural practices is considerably higher there 
non most kolkhozes. Therefore, it is 

te evident that yield data from State experi- 
ntal plots would not, at the present time, 
lect the soil fertility of much of the Oblast's, 
‘icultural land.5 However, taken in conjunc- 
a with kolkhoz and sovkhoz yields (with differ- 
levels of agricultural practices), these data 
ild provide a measure of effective soil fer- 
ty (i.e. differential yield Il, which is based 
production outlays). 


In order to relate the level of the yields to 
ural soil features, statistical materials 

m particular kolkhozes were used — those 

h similar and also average levels of technol- 
®— thus describing the fertility of the pre- 
iderant part of cultivated soils. 


The cultivated soils of Gor'kovskaya Oblast' 
d-podzolic and light-gray forest soils) differ 
le in the thickness, humus content, and 
ucture of the plowed layer or in certain 

er indices (Table 1). The basic determin- 

s of fertility differences are: texture (in 
ticular, rock content), nature of underlying 
‘ent material, and physicochemical proper- 

3 (pH, degree of base saturation, etc. ). 


Guided by soil maps (regional, Machine and 
actor Station and kolkhoz), we designated 
tions of the Oblast' and kolkhozes within 

Se sections possessing the most typical 

Is. A total of 98 kolkhozes (187, 000 ha of 
wed land) were selected, which were then 
ided according to soil characteristics into 
groups. Yearly kolkhoz records taken 

r three years (1953-1956) furnished the 


The author's contention that productivity data 
n State plots do not reflect the soil fertility re- 
S only to the non-chernozem zone—Editor. 


The very great differences between kolkhozes of 
ering agricultural levels lead to non-uniform 
ication of fertilizers (organic and mineral) and 
able cropping systems. 
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necessary information. This included data on 
yields of winter rye, all grain crops,’ hay 
crops, potatoes, and flax as well as amounts 
of fertilizer (organic and mineral) applied per 
hectare of plowed land. 


Relative productivity indices were computed 
in the following manner. The original statisti- 
cal data on productivity were processed separ- 
ately according to year, crop and soil. Asa 
result, the average yields per hectare for all 
crops were calculated by years and soils. 
Furthermore, the sums of the three-year 
average yields were determined for each crop. 
From these were obtained many-year average 
yields, which were adopted as representative 
units of the scale of relative productivity 
indices. Specific yields were expressed as 
fractions of the representative units. 


Thus the fertility of each soil for each year 
was described by certain relative productivity 
indices (according to the number of crops con- 
sidered} When subsequently calculating the 
soil evaluation numbers, only the indices for 
winter rye and "'all grains" were used. It 
seemed necessary at this first stage in the work 
to choose the most essential objective indices 
of soil value; for Gor'kovskaya.Oblast' soils 
this index turned out to be the yield of grain 
crops (occupying 60%-70% of cultivated lands 
in the various districts), 


It is evident from the data of Table 2 that 
relative productivity indices in all cases devi- 
ate only slightly from the mean. Such uni- 
formity cannot be accidental. It indicates 
that, given the same agricultural practice, 
grain yields obtained on various soils under 
varying meteorological conditions8 remain 
approximately equal. Consequently they re- 
flect differences in levels of soil fertility and 
may be taken as indices of their agricultural 
value. 


The relative productivity indices of other 
crops, in conjunction with those for grains, 
point out those soils best suited for certain 
plants, as well as for the most commercially 
promising crops for individual kolkhozes and 
soil management districts. Thus, for example, 
the most favorable soil for potatoes was coarse- 
clay loam;9 for flax, medium-clay loam; for 
clover, sandy-loam shallowly underlaid (0.8- 


Tin kolkhoz records, the heading ''all grains" in- 
cludes winter and spring legume bean crops. 


81953 was favorable for winter and spring crops; 
1954 had a hot summer and not enough precipitation; 
1955 was not warm enough during the summer and was 
quite wet. 


®Ladygin (2) established the same result in his 
work. 
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Table 1 


Variation limits of certain properties of arable soils inGor'kovskaya Oblast’ 


Available 
P.O, per 100 
Depth, a) f il 
il Humus, % g of soi 
nen em (Kirsanov 
method) 
| 
Sod-medium-podzolic, fine and 
medium silty-clay loams on clay 
loams and clays 1,1—3.0 16—20 2.5—18 
Sod-medium-podzolic, sandy loam 
soils on ancient alluvial sands 0.8—2.6 16—20 2.5—13 
Light-gray forest, strongly podzol- 
ized, coarse silty-clay loams on 
loess-like clay loams and clays 1.3—3,2 | 16—22 2.5—20 


1.0 m) by original (Permian) clays, marls or 
sandstones. 


Evaluation scales of soil calculated from 
relative productivity data on winter rye and 
"all grains" are presented in Table 3. They 
were computed in the following manner. The 
highest relative productivity index means were 
taken as unity in the soil evaluation scale. All 
other indices of relative productivity were ex- 
pressed as fractions of unity. As may be seen 
from Table 3, the evaluation numbers are 
quite close together. The numbers for "all 
grains" are somewhat higher, but mean devia- 
tions in no case exceed +0.06. It would seem 
that for practical usage any scale might be 
adopted. In our opinion, a scale calculated on 
the basis of the rye yields is preferable. The 
agricultural practices are fully utilized in the 
management of this crop. Thus the yields 
of winter rye better demonstrate the effect 
of the natural soil features and are a more 
reliable evaluation criterion. 


Turning now to the evaluation numbers, 
it must be observed that the Oblast' soils 
differ considerably in levels of relative pro- 
ductivity. The fertility of the best soils 
is four to five times greater than that of 
the poorest. This suggests the agricultural 
possibilities for kolkhozes with non-homo- 
geneous soils, and also serves as a warning 
against using the same management techni- 
ques. Using the site index numbers, it is 


possible to group the soils objectively accord- 


ing to fertility level and to evaluate manage- 
ment areas (individual fields, kolkhozes, 
districts, etc.). 


Our method of evaluating soil fertility is 
thus based upon objective initial data. Soil 


fertility is expressed in terms of relative | 
indices of grain crop productivity. It shoul 
be emphasized again that a direct compari- 
son of soil fertility on the basis of yields 
is possible only when the agricultural prac 
tices and farming systems are the same. 
As cultivation is intensified, soil fertility 
is modified and the total yield increases. 
Although this does not alter the site index 
numbers appreciably (data from the last — 
column of Table 3 illustrate the general _ 
narrowing of the difference between poorer’ 
and better soils), elements entering into 
the index numbers do change. Correction 
coefficients relating to the degree of cul- 
tivation of the soils must be introduced; 
according to preliminary calculations thes 
may be as great as +0.2-0.3 (added to 
the mean level). Correction coefficients 
must also reflect the effect on soil fer- 
tility of the degree of podzolization, wat: 
logging, erosion and other factors. Cale 
lation of these coefficients is the next st 
and indeed some work has already been | 
done in that direction. It has been shov 
that the fertility of light-gray forest soil 
is depressed by as much as 0,15 on the 
index when there is slight erosion, by 
0.35 with moderate erosion, and by 0.55) 
with severe erosion. The effect of podzoli: 
tion does not exceed 0,18. At the present tir 
the soil evaluation numbers for the Oblast’ 
have only general orientation value; they can 
be made the basis of certain economic ca. 
culations, 


Considerable damage to the agricultur: 
economy results from disregarding qualit 
tive soil evaluation, An incorrect appro: 
to production specialization on the part | 
individual kolkhozes and districts is fost 
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Table 


2 


Relative productivity indices of grain crops for various Gor'kovskaya Oblast’ soils 


Soils Years 
Sod-medium-podzolic, fine and 4953 
medium silty-clay loams on clay 1954 
loams and clays 1050 
Sod-medium-podzolic, coarse silty 4953 
coarse clay loams on clay loams 1954 
and clays 1955 
Sod-medium-podzolic, coarse-clay 4953 
loams on clay loams with under- 1954 
lying sands 1955 
Sod-strongly-podzolic clay loams 1953 
on thin morainic clay loams with 4954 
underlying sands 1955 
Sod-weakly-podzolic sandy loams on 4953 
original sandstones 1954 
1955 

Sod-medium-podzolic sandy loams 4953 
on ancient alluvial sands 4954 
1955 

Sod-medium-podzolic sandy loams o 4953 
detrital glacial sands 4954 
UST SI5) 

Sod-weakly-podzolic sands on deep 4953 
glacial sands 1954 
1955 

Light-gray forest, strongly pod- 4953 
zolized, coarse silty-clay loams 4954 
on loess-like clay loams and clays 1955 
Light-gray forest, medium silty- 1953 
clay loams on loess-like clay 4954 
loams and clays 4955 


ae 
Winter rye "All grains" 
Produc- Average Produc- Average 

tivity over tivity over 
index | 3 years index _| 3 years | 
1.14 4 

1.16 AAS; 4 Una 
2s ‘I 

WAG AN: 

‘Lal e272; Ay 1.419 
S22; fie 

0.88 0 

0.78 0.79 0 0.84 
0.78 0 

0,68 0 

0.64 0.68 0 0.70 
0.72 0 

0.90 0 

0.83 0.89 0 0.95 
0.94 0 

0.58 0 

Ono 0.58 0 0.60 
0.60 0) 

0.49 0 

0.48 0.54 0 0.53 
0.56 0 

0.31 0 

0.33 0.34 0 0.33 
0.29 0 

4.42 al 

dt sees 4.41 fie 1.42 
e238 1. 

1.59 1. 

1.66 1.64 t 1.52 
1.68 1. 


‘ecommendations for crop rotation or 

gronomic procedures are pushed through 
yithout consideration of soil characteris- 
ics or the earning capacity of lands oc- 
urring under different natural conditions. 


In the light of these remarks, the value 
i relative soil evaluation is obvious. Agron- 
mists and agricultural practitioners may 
ompare and group soils objectively on 
he basis of their productivity, which is 
ery important for setting production goals. 
‘hey can also discover the most favorable 
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soils for different crops and evaluate farmland 
quantitatively (on the basis of agricultural soil 
districts). Thorough consideration of the na- 
tural conditions of specific areas is acquiring 
great usage as a means to increase agricul- 
tural productivity. The division of land into 
agricultural soil districts, with detailed and 
thorough analysis of the natural conditions (es- 
pecially the basic agricultural resources, soil 
and climate), is a practical application of this 


approach. 


The primary requirement for agricultural 


A.S. FAT’YANOV 


Table 3 


Relative evaluation numbers of Gor'kovskaya Oblast’ soils 


For winter rye For "all grains" Mean oer 
ils of 
ae ect 
Soils Years| By ues best farms 
over | By year over (winter 
VEBBE Ie yrs. 3 years rye) 
Sod-medium-podzolic, fine and GS | 0), ah 0.77 a: 
medium silty-clay loams on clay 1954 | 0.70 | 0.74 0.73 0.74 Ome 
loams and clays 1950, ORS 0.72 
Sod-medium-podzolic, coarse silty- | 4953 | 0.73 (0) Fa 
clay loams on clay loams and 1954 | 0.76 | 0.74 0.80 0.79 ORG 
clays Ns) || O78 0.81 
Sod-medium-podzolic, coarse-clay | 1953 | 0.54 0.57 ‘ 
loams on clay loams with under- 1954 | 0.48 | 0.50 On5e 0.55 0.54 
lying sands A 5ay ORE 0.58 
Sod-strongly-podzolic clay loams 1953 | 0.44 0.48 . 
on thin morainic clay loams with 1954 | 0.39 | 0.42 0.47 0.46 0.94 
underlying sands 1959 | 0743 0.44 
Sod-weakly-podzolic sandy loams on] 1953 | 0.58 0.62 ; 
original sandstones Ibe 1 Oil |) Ona 0.63 0.63 0.50 
IS) || O58 0.63 
Sod-medium-podzolic sandy loams 1953 | 0.36 0.40 
on ancient alluvial sands 1954 | 0.34 | 0.35 0.42 0.39 0.38 
1950 | 0236 0.35 
Sod-medium-podzolic sandy loams 1953 | 0.31 0.36 
on detrital glacial sands IGE |) 0,20) 1 0) Sul Ones 0.36 ORS 
ING }s}5} 4}, (0) sta 0.36 
Sod-weakly-podzolic sands on deep 1953 | 0.49 One 
glacial sands 1954 | 0.21 | 0.19 0.24 0.22 0.28 
1955 | OMS (2a 
Light-gray forest, strongly pod- | 1953 | 0.90 0.89 
zolized, coarse silty-clay loams 1954 | 0.83 | 0.86 1.00 0.94 0.88 
on loess-like clay loams and 1955 | O65 ORs) 
clays 
Light-gray forest, medium silty- 1953 | 1.00 4.00 
clay loams on loess-like clay LOSE | OOS ER LZ00 4.00 1.00 1.00 
loams and clays Ibisy |] tl 010) 1.00 


soil districts is, therefore, the rapid develop- 
ment of a relative evaluation method applica- 
ble to all agricultural soils (field, meadow, 
and pasture land). To this end, close coopera- 
tion of soil scientists, agronomists and econo- 
mist-managers is absolutely necessary. 


The relative soil evaluation will not only 
serve the purposes of agricultural soil dis- 
tricts but will also aid production organization 
of kolkhozes and sovkhozes, 


The V. V. Dokuchayev Soil Institute (Academy 


of Sciences, USSR) must, with the help of other 
organizations, develop a method to solve the 
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complex current problem of relative 
soil evaluation. Soil science depart- 
ments and agricultural institutes, as 
well as departments of economics and 
agricultural production organization, mus 
work out soil evaluation scales for 
local environmental management conditior 
There is no doubt that in the long rv 
this great collective work will lead to 
the creation of a single evaluation scal 
for soils of all parts of this country. 


Received November 18, 1958 
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A SCHEME FOR THE QUALITATIVE EVALUATION OF LANDS 


OF THE LATVIAN SSR’ 


K. K. BRIVKALN, Latvian Scientific-Research Institute of Agriculture 


Achievements of agricultural production are 
usually described in terms of production per 
100 hectares of usable land. We know that an 
increase in production, production quality and 
cost depends upon a number of factors among 
which the natural conditions of the area and the 
cultivated state of agricultural lands are of 
great importance. In comparing the production 
indicators for different farms and for workers' 
crews of separate farms, we must consider the 
quality of land. 


A so-called cadastral census used to esti- 
mate taxes has already been in use for a long 
time in several foreign countries. The cadas- 
tral census based on a qualitative evaluation 
of land has its own history in Latvia. The first 
efforts in this direction were begun during 
Swedish occupation and lasted from 1688 through 
1693. The Swedish cadaster fixed the earning 
capacity of land depending upon the quality of 
soil. Four site quality classes were set up in 
the Swedish cadaster. 


Class I — black plowed soil 60 cm thick 
(24 inches) with a clay subsoil. 


Class II — black-cinnamon brown or dark- 
gray soil 30 cm thick (12 inches) with a clay 
subsoil. 


Class III — light-cinnamon brown soil mixed 
with sand, 12.5-17.5 cm (5-7 inches) thick with 
a yellow sandy subsoil. 


Class IV — light-cinnamon brown or gray 
soil 7.5-12.5 cm (3-5 inches) thick with a mel- 
low moist subsoil. 


Peasant land was subdivided into three groups 
or classifications of land based on how these 
lands were used: 1) grain-producing land with 
a three-field crop rotation, where manure was 


'Reported at the First Delegates' Session of Soil 
Scientists, May 1958. 


added to each field every third year; 2) unusec 
forest land (20-25 years after cutting); and 3) 
used forest land. 


The value of the lands was determined in — 
taxonomic units, talers and groschen, accord- 
ing to use and quality. If we express the value 
of the best lands (first-class grain-producing 
land) as 100%, the value of the most inferior 
land (fourth-class used forest land) will be 
12.5%. 


We might mention also work in general land 
surveying and land taxation at the beginning of 
the Nineteenth Century and land evaluation in 
the Liflyandskaya Guberniya at the beginning 
of the Twentieth Century. These projects, 
compared with the Swedish cadaster, did not 
come forth with any essentially new land evalu- 
ation methods. 


A more thorough study of soils and a cadas- 
tral evaluation of lands was begun in Latvia in 
1931. Ya. Vityn'sh headed the soil research 
work for the cadaster. To work out instruc- 
tions for a cadastral census, preliminary studi 
of soils on farms in different countries were 
made and economic data was collected and prox 
essed. The value of the soils was expressed i 
points or percent, taking for 100 points the pre 
ductive capacity of one hectare of the best 
plowed soil, which yields the highest return 
from ordinary agricultural methods. The 
plowed soil is subdivided according to natural 
conditions (by soil properties, water regime, 
etc. ), into 9 site quality classes; the meadows 
into 8, the natural pastures into 5, and the for 
soils into 5, 


The cadastral evaluation was conducted in 6 
counties (out of 18), but only from three coun- 
tries was the data completely processed and pt 
lished. The Second World War interrupted the 
activities and they were not continued afterwar 


In 1957 soil scientists of the Latvian Scien- 
tific Research Agricultural Institute and the 
Latvian Ministry of Agriculture began a new 
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draft for the qualitative evaluation of soils of the 
kolkhozes and sovkhozes of the Republic. K. K. 
Brivkaln and soil scientists K. Tsirulis and 

Ya. Kaurat headed the work. 


In devising the present scheme we used the 
most recent soil-cartographic data and produc- 
tion indicators of the kolkhozes and other farms, 
and also availed ourselves of the experience ob- 
tained from the former cadastral evaluation of 
Latvian lands. Moreover, we made additional 
studies of soils and conducted a preliminary 
evaluation of lands in the kolkhozes. 


In developing a point system of soil evaluation 
it was difficult to define correctly the importance 
of the individual properties and conditions that 
determine the productive capacity of the soil. 


These conditions may be classified as fol- 
lows: 


I II 
Fixed conditions or 
conditions presently 


difficult to change 


1. Climate 


Conditions that can be 
changed by improve- 
ment measures 


1. Moisture (in the 


texture are the worst. 
presence of carbonates. 


Important also is the 


The best soil-forming parent materials are 
the carbonate moraine and boulderless clay 
loam, coarse and medium boulderless silty 
clay (of limnoglacial and alluvial origin). We 
should rate somewhat lower the two-layer 
deposits that promote water logging — the clay 
loams on clay, the sandy loams and sands on 
clay loams or on clay. The maritime sands, 
the slightly-friable compacted parent materials 
(dolomites, limestone, sandstone, compacted 
boulderless clay) and peat deposits of upland 
bogs belong in the category of least valuable 
soil-forming parent materials. 


In addition, we must add as principal fea- 
tures characterizing the fertility and value of 
soils and extent of their cultivation: thickness 
of humus horizon, quantity and character of 


III 
Conditions that can be 
changed by agricultural 


technology 


1, Soil reaction 


Republic mostly 


excessive) 
2. Relief (macro- 
and mesorelief 


3. Soil-forming 3. Structure of low- 
parent material lying horizons 
and soil texture (A, and B) 

4, Size of the culti- 


vated areas (con- 
tours) in hilly 
regions 


The Central Vidzemskaya and Aluksnenskaya 
elevations are characterized by comparatively 
unfavorable climatic conditions (much precipi- 
tation, less heat and a short growing period). 
There is less heat also in the remaining northeast 
part of the Republic. 


Therefore, the productive capacity of plowed 
soils here must be rated lower than those in the 
rest of the Republic. Drained plains and slopes 
where relief and moisture conditions are more 
favorable for agricultural production should be 
rated higher than depressions that are difficult 
to drain, and sloping and steep slopes of hills. 
Expressed microrelief and stoniness also 
lowers the value of land. 


Texture and quality of the soil-forming parent 
material have a considerable effect on the pro- 
ductive capacity of the genetic soil species. 

Soils with a clay loam and sandy loam texture 
are the best mineral soils of the Republic, 
While soils with a sandy, gravel, and very fine 
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2. Microrelief of the 
soil and stoniness 


. Depth, porosity and 
structure of the 
plowed layer 

. Humus and nutrient 
content and content 
of substances harm- 
ful to plants 

. Macro- and micro- 
fauna of the soil 


humus (organic matter), structure, reaction, 
porosity and compaction of horizons, pod- 
zolization and gleying signs, as well as signs 
characterizing plant root growth and activity 
of soil fauna (earthworms). 


Quality of lands should be determined in 
their present state. This will enable us to con- 
trol the change in land quality after several 
years, by re-evaluation. 


Based on the foregoing considerations, we 
have constructed an evaluation table for plowed 
lands. As in the former cadastral evaluation 
we have adopted the 100 point system (Table 1). 


The table is divided across into ten columns. 
In the first column are the land groups and the 
number of points in a scale for each group. In 
the second column are the land classes and the 
number of points in each class. The third 
column indicates the characteristics of the con- 
ditions in the area (relief, extent of moisture, 
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adaptability to machinery, stoniness, cultiva- 
tion, thickness of friable layer on strongly boul- 
dered and compacted materials and extent of 
erosion). These conditions deteriorate as we 
go down the page. The first four classes repre- 
sent chiefly conditions of the Zemgal'skiy soil 
district, where flat and sloping to undulating 
relief is predominant. The chief factors that 
lower the land value here are temporary ex- 
cess moisture and a parcellation (to some ex- 
tent) of the area by open ditches. These fac- 
tors can be eliminated by introducing closed 
drainage. Classes V and VI correspond by 

area conditions, for the most part, to the Kur- 
zemskiy, Srednelatviyskiy, Severovidzemskiy 
and partly to the Vostochnolatviyskiy (Luban- 
skiy) soil districts having a sloping to undulating 
and undulating relief of the main moraine. Here 
the plowed land areas are distributed on inclin- 
ing slopes (up to 10° angle) and on elevated 
plains. Moisture conditions during years of 
normal precipitation are generally satisfac- 
tory, but in wet years we see an excess of mois- 
ture. Erosion is slight on slopes; stones have 
been removed from fields or stoniness is negli- 
gible. 


The area conditions for Classes VII and VHI 
are typical of the Vidzemskiy and Vostochno- 
latviyskiy soil districts, and for sections of 
other soil districts having a terminal-moraine 
hilly relief, The plowed fields are distributed 
almost entirely on the slopes of hills (angle of 
slopes up to 15°), Moisture conditions for field 
crops differ; moisture may be periodically ex- 
cessive or deficient. The contours of cultivated 
areas are average and small. Water erosion is 
widespread and conditions for mechanizing field 
work are more unfavorable (relief, stones) than 
found on flat and undulating relief. The plowed 
lands on sandy plains, especially of the Prim- 
orskiy soil district, and in inadequately drained 
depressions also come under these classes. 


Classes IX and X belong by area conditions 
in the category of slightly cultivated or hard- 
to-cultivate plots within different soil districts. 


The fourth column of Table 1 shows the char- 
acteristics of the principal diagnostic features 
of soils according to groups and classes. In 
the first group are indicated characteristics 
of the best plowed soils of the Republic; in the 
second, characteristics of good soils; in the 
third, those of average soils; in the fourth, 
those of soils below average quality; and in the 
fifth group, characteristics of low productive, 
difficultly cultivatable soils. Susceptibility to 
cultivation generally decreases as we go from 
the first to the fifth group. 


As we can see from the table, each group is 
divided into two classes. Indicators correspond- 
ing to the best soils of this group characterize 
the first class. Soils with several inferior qual- 
itative characteristics belong in Class II. 
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Column 5 of the table gives the genetic group 
subgroups and species of soils according to site 
quality classes. 


Columns 6-10 represent a relative evalua- 
tion of one hectare of plowed land expressed in 
points (or percent) ona scale. They are differ- j 
entiated in greater detail in each class depend- 
ing upon texture and soil-forming parent ma- 
terials. In each column (6-10) there are two 
letters ("a'’ and "'b"'); the first letter represents | 
conditions in the southern and western part of 
the Republic with more favorable climatic con- 
ditions; and the second letter represents con- 
ditions in the northeast part of the Republic 
where climatic conditions are less favorable. 


Soil species were grouped by classes based 
on their relative productivity under average 
levels of agricultural technology. 


This evaluation table of plowed lands is 
only a basic table for constructing more suit- 
able small working tables with corresponding 
abbreviations using letter designations for 
soils, numerical data for texture, etc. 


In constructing an evaluation table for mea- 
dows and natural pastures we were guided by 
the following considerations: 


1) In evaluating meadows and natural pas- 
tures on lands outside the plowed field we 
should first consider the value of the soils and 
the extent of cultivation of a given area. 


The concept of cultivation means that we 
have used cultivation methods, (drainage, 
surface levelling, stone removal, liming, grass 
planting and fertilizer application) normal for 
any given conditions, without which we cannot 
obtain satisfactory grass yields in most cases. 


2) We must consider the specific biological 
characteristics of perennial grasses of grazing 
lands and their specific requirements for more 
moist soils, Consequently, water-logged and 
bog soils for grazing lands should be rated 
higher than the same soils used for field crops. 


3) The value of meadows and pastures depends 
also on territorial conditions — size of area, 
suitability for mechanized removal of hay, meso- 
relief, etc. 


Besides the value of the soil, the size and 
quality of yield is a general criterion of the 
present value of a given area. 


In Table 2 which we have compiled for mea- 
dows and natural pastures, land areas have been 
divided into 5 groups, according to value of soil 
and extent of cultivation. 


The first and second groups refer to culti- 
vated areas. The best soils are concentrated 


QUALITATIVE LAND EVALUATION 


Table 2 


Evaluation of meadows and natural pastures (value of a hectare in points on a scale) 


Characteristics of lands and hay 
em hay quality (grass) 
Soil cha i cutting, 
il characteristics ate na 
A | B Cc 
a b | c a b i c a b | c 
[ Cultivated (reclaimed, drained and Above 50 | 100 | 80 = 90 72 — | 75 60 — 
regularly fertilized), and also naturally 
good areas with good soils, suitable for eraee OO Nae? aie BF OOo! sae OS ito eal 
plowing perennial grasses. Soil reac- 40-30 80 | 64 _ 72 58 — |60 48 —_ 
tion from neutral to weakly acid (pH in 
KCl extract >5.3). Species of soils: Mey See ee CaF S| Brora en af Rates| 
granular bottom lands sod-carbonate and less 
sod-gley, etc., on clay loam and coarse 
and medium clay with high content of or- 
ganic matter, and humic-gley lowland 
soils. 
2 Cultivated areas and naturally good Above 50 | 80 | 64 | — 70 56 — |55 44 _ 
areas with soils of average quality. d 
Species of soils: sod-podzolic, gleyish AUST a haee im oh ou she ix a 
and gley, sod-gley, soils of transitional | 40-30 64 | 51 _ 56 45 — |45 35 | — 
and stratified bottom lands, and other 
sandy loam, clay loose rock and fine a ABE 8 ihe ark I i 3F el firme? Marae Cel es 
clay soils, and peat-humic soils of low- |and less 
land and transitional bogs. 
} Non-cultivated or partly cultivated areas| 40-30 27 | 58 46 64 51 41 |52 | 42 33 
with good soils suitable for cultivating 30-20 Fy |) ey |) Gyn il ais | ery i ayy llexs |] ayn |) OR 


grasses. Soils easily susceptible to 


cultivation. 20-10 36 29 23 32 26 PAL |) PAG) 20 16 

L Non-cultivated or partly cultivated 40-30 — | 45 | 36 | — 38 | 30 |— 29 | 23 
plots with average quality soils. Culti- bs abel e Ss 

vation of soils difficult. sage 4 Zi ag oe es 4 

20-10 — 22 18 _ it) 15 |— 15 12 

} Non-cultivated areas with soils poorly 30-20 hws 24 19 = 19 15 12 10 
suitable for plowing grasses. Species eS 

of soils: typical podzolic, sod strongly 20-10 _ 16 13 - 13 10 9 7 

podzolic-gley (with ortstein), soils <10 — 12 10 = 10 8 7 5 


of river-bed bottom lands, etc., sandy, 
stony and dry mineral soils with a 

low content of humus, and soils of 

top bogs. 


On non-cultivated areas we evaluated them by actual yield; on cultivated plots by yields obtained under given 
ditions at an average agricultural technology level. The highest yield in Group 1 is 50-40 entr/ha, while in 
up 2 it is 40-30 entr/ha of hay. 

xplanation: Land characteristics. A. large areas of land and wide plains and slopes suitable for mechan- 
J removal of hay (grass). B. Flat and sloping to undulating areas of average size (5-10 ha) generally suit- 
> for mechanized removal of hay (grasses). C. Small individual areas (found in depressions between hills, 
slopes, ete.), areas with greatly dissimilar relief and moisture conditions, and poorly suitable for machan- 
J removal of hay (grasses). 

ality of hay (grasses). a. Good hay (grasses) consisting almost entirely of valuable grasses and legumes 
mtr of hay = 50-55 food units). b. Hay (grass) of average quality, valuable fodder grass, 30%-40% inferior 
sses and varied grasses (1 entr of hay = 40-45 food units). c. Inferior hay (grass), consisting chiefly of 

ge (reed grass), and other poor quality grasses (1 entr of hay = 30-35 food units). 


the first group, average quality soils in the in the fifth, soils barely suitable for meadows 

ond, and pastures or soils difficult to cultivate. The 
value of 1 hectare of land, expressed in points 

The third, fourth and fifth groups refer to on a scale (from 100-5), has been differentiated 

\-cultivated or partly cultivated areas, with in each group depending on the quality of the 

ls of different value: in the third group, good soils and on territorial conditions. The quan- 

ls; in the fourth, average quality soils; and tity and quality of yields are used as a criterion 
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for evaluating the conditions of a given area. 
Therefore, on non-cultivated areas we evalu- 
ate by actual yield and on cultivated plots by 
yields that can be obtained under given condi- 
tions employing average agricultural methods 
(about 3 cntr per ha of mineral fertilizers) As 
experience has shown, the highest yield in the 
first group is 50-40, on an average, while in 
the second group, it is 40-30 cntr per ha of 
hay. 


Depending on the value of the soil in each 
group a minimum number of points has been es- 
tablished that cannot be less even with low 
yields, 


In the future we shall construct a more de- 
tailed table by dividing each group into two 
classes and describing groups of meadows 
and pastures in each class. 


Evaluation Activities and Formulation 
of Results 


It wouid be practicable to evaluate lands at 
the same time as soils are being mapped. Then 
we could use excavated pits and accumulations 
not only for determining the species and texture 
of soils, but also for determining soil value. 


With large-scale (scale of 1:10,000) soil 
mapping it is sufficient in most cases to de- 
termine the average site index of areas covered 
by appropriate soil types. In this case all con- 
tours on a soil map will correspond to the site 
index contours on a land evaluation map. Based 
on useful data, a map showing the quality of 
land of any given farm can be constructed and 
the average evaluation computed in points ona 
scale for a hectare of land — plowed lands, 
meadows and pastures (even for work-crews 
areas, separate crop rotation fields, and large 
meadow and pasture areas). 


When soils on a farm have been mapped, we 
can use the soil map and other cartographic data 
to construct maps showing the quality of land. 
We must conduct additional field studies before 
this can be done more accurately. 


It has been proposed that waste lands and 
shrub-covered areas be evaluated by consider- 
ing their suitability for transformation into 
plowed land, meadows or pastures, i.e., by 
using the same evaluation tables. In several 
cases it would be best to plant trees on low 
fertile and hard-to-cultivate areas that are 
unsuitable for use as plowlands and meadows. 


Quality and Productivity of Lands 
As we know, the evaluation points on a scale 


describe the relative quality of land and there- 
fore should reflect the land's relative produc- 
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tivity at one and the same level of agricultural 
technology. For practical purposes we might 
consider that in most cases a direct propor- 
tion or a straight-line relationship exists be- 
tween productivity (as a whole, by crop rota- 
tion) and the quality of land. If this is the 
case, we can without great error replace the 
evaluation points by quantity of yields. 


| 
| 
: 
. 
In grouping lands by classes we have also : 
considered productivity. The studies made 
showed that by using crop rotation on the best : 
plowed lands of the Republic we can obtain an 
annual harvest from one hectare corresponding 
to 4,000-5, 000 food units, on average grade 
lands, 2,000-3,000 and on the worst lands, 
250-1,000 food units. Therefore, one point on | 
a scale is equal to 50 food units. The same 
relationship between points and food units has 
been established for meadows and pastures. 


Using the foregoing evaluation tables, in 1957 
soil scientists of the Ministry of Agriculture, 
Latvian SSR, conducted an evaluation of lands 
at 23 kolkhozes and, in 1958, at 20 sovkhozes 
and at other farms in different districts of the 
Republic. Data on the average value of plowed 
lands in points on a scale, and on productivity 
(1957) in food units are given in Table 3. 


Proper agricultural methods and a high 
agricultural standard fertilization were em- 
ployed at experimental stations and, conse- 
quently, the actual yield considerably exceeded 
that computed by points on a scale. In the lead- 
ing kolkhozes yields also exceeded or corre- 
sponded to the computed value, but on economic- 
ally unstable kolkhozes the actual harvest was 
only 30%-70% of the number of food units com- 
puted according to the value of the plowed lands 
of these kolkhozes. This shows that these kol- 
khozes are inefficiently utilizing their own land. 
As a rule, we could raise productivity on such 
farms to a level corresponding to the actual site 
index value of the lands, by using the usual 
scientific agricultural methods stipulated in 
the agricultural minimum program. On farms 
with yields corresponding to the site index 
value of lands, an increase in yield is possible 
chiefly by improving lands (melioration, lim- 
ing, etc.), by using higher agricultural techni- 
ques and by selecting more high-yielding varie- 
ties of agricultural crops. 


Land evaluation makes it possible to analyze 
the productivity of lands as a whole, and also 
by separate fields, large areas, and crops. 

By using other production indicators, e.g. , 
milk and meat production per 100 hectares, 
monetary return, production cost, etc., we 
can get a complete picture of the production 
level of any given farm and also develop ways 
of subsequently increasing productivity and 
earning capacity. 


Economists, in collaboration with soil 


QUALITATIVE LAND EVALUATION 


Table 3 


Value of plowed lands and yield at several kolkhozes and experimental farms of Latvian SSR 


Average value Actual harvest in food units 4 2 . 
of 1 ha from 1 ha eee os 
Name of farm = aes a > a 
Grain | Potato ae 2 ts Ensil- G es a 
eet age og6 
L Preece Be 8 
1 A | 5 6 7 s i) 10 
Experimental Farms 
Skangali, Yelgavskiy 65 | 3250 } 340°} 5380 | 12800) 2543 | 8162 1 3743 1 4145 
Bayon LAO MS. OFF 12.0 OROUE 3.04 740 
Stende, Talsinskiy Rayon 58 2900 | 3454-| 7652 <== 3185 | 4000 | 3878 | 134 
13540) |e3ir5 Sat a Se es) 
Priyekuli, Tsesisskiy ie 2650 | 3070 | 5676 = 3472 | O710! | S067 | 134 
avon 81.0 1-240 SS pupa 7 aba 
Potato Station, Rizhskiy 44 2200 | 2489 | 5984 = 2340) |} OlGS Weg 
Rayon 64-0 | 24.3 80.0 TS28 
Kolkhozes 
Avangard, Yelgavskiy WS 3750 | 2826 | 2378 ) 8861 | 2067 — 3833 102 
Bayon 417.0} 10.5 | 454.0] 191.0 Poe 
Marupe, Rizhskiy Rayon 40 ADCO 4) AYGZ, || BOB | OLEH) QING) || AR. | Baas 118 
{39012770 1.4.0.) 80004 WALOL) 27120 
Imeni Kirova, Vilyanskiy 38 1900 | 2005 | 4760 | 6138 Hee yee ee 107409 im eA Oa troyun fumes C0)6) 
ENCE 512.5] 50.0 | 5.0 | 218.0} 36.0 | S21.5 
Kommuna, Talsinskiy Rasen 44 2200) 4729 | 3909 |) 7233 960 | 1400 | 1985 90 
546.5/128.6 | 36.0 | 259.4] 52.0 | 1022.5 
Plesums, Talsinskiy Rayon 33 16509 76 Wo 74 590) GWE) SB. |) disk 81 
107 Ale 2700 A, nTaOnlobv 0. lun 7L4. (Lo don 
Gaysma, Vilyanskiy Rayon 37 LS5OR LOOM loose be 793 | 980 | 1073 58 
465.0! 4Oc0MW e7cODel22 UNIS 54] C5205 
Ogre, Ergl'skiy Rayon 40 | 2000 | 1188 | 2618 = TOOL 25200 533 77 
258.5] 30.0. 107.0} 19.5 | 415.0 
Imeni Lenina Kraslavskiy 28 | 1400 | 1098 | 2550} — | 4871 766 | 1043 | 74 
Rayon 602,0} 100.0 276.0} 32.0 |1010.6 
Asuma, Kraslavskiy Rayon By 4600 805 | 1496 = 1410 630 972 64 
22727) 1oeT 500 |S eee 
Imeni Kutuzova, Karsav- 41 2050 630 619 — 702 574 653 Be 
skiy Rayon 496.6} 40.0 310.3] 31.0 | 877.9 


‘Numerator food units from 1 ha; denominator — sown area in ha. 


antists, land developers and other agricul- 

11 specialists, should devote their attention 
levising a method for consideration of these 
nomic factors (for determining a differen- 

ground-rent [I and II], taxes, etc. }, 


Received November 18, 1958 
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FORESTRY AND AGRICULTURAL MEASURES 
TO CONTROL SOIL EROSION IN THE EUROPEAN USSR! 


I.D. BRAUDE, All-Union Scientific-Research Institute for Forest and Land Improvement 


Forestry and agricultural measures to con- 
trol soil erosion and to protect rivers, reser- 
voirs, bottom land and other areas from silting 
up consist in the planting of different species of 
forest, fruit, and nut trees combined with sod- 
ding, and building structures to stabilize soils 
and soil materials and to regulate and stop 
surface runoff. Forest plantings on slopes and 
on the steppe are of great importance for wind 
protection and moisture. On slopes protected 
by 5 to 7 rows of trees, wind velocity is de- 
creased an average of 40%-50%, evaporation by 
20%- 25%, and snow contents are increased 30%- 
35%; depending on the extent of forest planting, 
runoff is reduced 25%-50% or more (1, 2, 3, 4, 
10, 11, 12). For example, observations in the 
Kamennaya steppe on the effect of tree belts on 
runoff over a period of 65 years showed that the 
runoff coefficient was reduced from 0. 6-0. 96 on 
the open steppe, to 0.32 when the area had been 
6% planted and to 0.14-0.16 in sections where 
plantings covered 18% of the area (2). 


As a result of improving the water and wind 
regime, grain yield increased 2-4 cntr/ha, 
grasses (hay) 50%, and in particular years these 
increased twofold. On the territory of the 
Novosil'skaya experimental station for forest 
and land improvement (Orlovskaya Oblast'), 
grain yields before forest and land reclamation 
were 3-5 cntr/ha; they have now increased to 
20 cntr/ha, and grass harvest (hay) to 40-50 
entr/ha, and on individual tracts up to as much 
as 70 cntr/ha (3). On land of the Kletskiy 
experimental gully station (Stalingradskaya 
Oblast') which had been earlier used as pasture 
land but later was improved by forestry and 
agricultrual means, we now get appreciable 
yields from these soils; for example in 1955, the 
hay yield of perennial grasses at the experi- 
mental station was 20.6 cntr/ha, grain yield 
was 10 entr/ha; watermelons used for human 
consumption, 156 cntr/ha; and watermelons for 


1Reported at the First Delegates’ Session of Soil 
Scientists, May 1958. 
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livestock feeding, 242 cntr/ha. Fruit harvest fron 
anti-erosional fruit plantations were: from pom- 
aceous plantings (apples and pears), 39 cntr/ha; 
from berry patches (golden currents), 16.7 cntr/ 
ha. Anti-erosion plantations are of great econom- 
ic importance as a source of wood for construction, 
fabrication, andfuel. Asarule, areas most sub- 
jected to erosion have few forests; for example, th 
wooded area of the Kurskaya Oblast’ is 6.0% (in 
some rayons of the Oblast' it is even less: inthe 
Shchigrovskiy rayon 2.8%,. Sovetskiy rayon, 1.6% 
Kastorenskiy rayon 1.2%, Cheremisinskiy rayon 
0.4%). The wooded area of the Orlovskaya Oblast’ 
is 5.0% and of the Poltavskaya Oblast' (UkrSSR) 
about 2%. The average wooded area of central- 
Chernozem regions is 7.3% (4). 


Thus, many forest-steppe districts in wooded 
areas near the dry steppe zone and the 2-6m3 of 
wood obtainable from 1 ha in a year from anti- 
erosion plantations under forest mangagement 
are of great economic importance. 


The anti-erosion forest and land improvement 
measures, considering their erodibility, should 
form an integral part of the agricultural system 
and contribute to proper landuse. We should 
divide watershed ravine areas intotwo groups ac- 
cording to nature of melioration and economic lan¢ 
use. Included inthe first group should be the sever 
ly eroded (and in some cases the medium-eroded) 
soils, gulliesandravines. The erosion process 
here is rapidand extends tonewareas. Therefore 
it is important to stop this process andtransform, 
the eroded soils, gullies and ravines into valu- 
able lands. The non-eroded, slightly-eroded, 
and cultivated medium-eroded soils constitute 
the second group. This is the basic area of 
concentration for field crop cultivation. Meas-— 
ures are required here to prevent erosion : 
(water-retaining tillage, water-regulating 
plantations, reinforced whenever necessary oi 
water-retaining terraces). 


By such an approach to land use we can bette 
distribute the different anti-erosional plantations 
and strips requiring sodding and determine : 
where engineering structures are needed to holt 
the soil, and to regulate and retard runoff. 


MEASURES TO CONTROL SOIL EROSION 


Recent studies in the field of anti-erosional 
est and land improvement enable us to in- 
‘ase their effectiveness as follows: 


Reclaiming Gullies. Observations show that 
growth of gullies in different zones of the 
try averages 2-5 m annually and in some 
irs the gully reaches 20m. However, the 
naging factor is not so much the eroded lands 
the lands broken up and ruined by gullies, 
ich exceed tenfold the areas of actual gullies. 
srefore, in reclaiming gullies, we must first 
ck their growth - not by afforestation only, 
was often recommended (1), but by a combi- 
ion of structures, (varying, depending upon 
type of gully, growth rate, and damage done) 
l afforestation. The purpose of structures is 
quickly stop erosion and improve conditions 
reclaiming gullies for forest and fruit plan- 
ions. The work by spray equipment can be 
chanized 60%-70%, water-retaining terraces 
95%-98%, water-diverting ditches by 70%- 
®. Such projects as setting up lengthwise and 
ss fence networks in an alluvial fan zone and 
=re bank erosion occurs may be mechanized 
b-50% (Fig. 1). 


We can take for granted that forest planta- 
ns along the bottom of bank gullies and adja- 
it areas are of the greatest importance in 
ms of soil protection and land improvement 
silt deposition. In many cases gully planta- 
as around bank gullies that are very difficult 
cultivate and not safe from erosion (7) do not 
re enough water-regulating significance to 
tify setting them up. Plantations near and 
the bottom, which do not narrow but retard 


water-flow, are very effective, as are gully 
plantations around bottom gullies combined with 
sodding of water channels. 


Gully plantations are of great economic and 
meliorative importance. The wood supply on 
one hectare of 30-40 year-old poplar gully plan- 
tations (under comparatively satisfactory mois- 
ture conditions) was 500-800 m3 or more. After 
32 years Chinese poplar reaches a height of 
24.5 m with a diameter (at a height of 1.3 m) of 
29 cm (Belgorodskaya Oblast'). On 1 ha of 
gully plantations (along the bottom and bottom 
strips) many thousands of cubic meters of allu- 
vium are held in check. 


Thus, not only reclamation but also forest 
economy problems are being solved by stabi- 
lizing and afforesting gullies. 


Reclaiming Ravines and Ravine Areas. The 
ravine area occupies a large area. The per- 
centage of ravines in steppe and forested steppe 
districts is 10%, and in several cases consider- 
ably more than the entire land area of these 
districts. Therefore, a proper use of such an 
enormous land reserve is of great economic 
importance. A study of ravines in different 
districts of the country showed that, as a rule, 
they are being used impracticably without con- 
sidering the extent of their erodibility. 


We should adhere to the following principles 
in using the ravine area: namely, to use ex- 
pediently the slightly-eroded ravines primarily 
for meadow lands and the eroded ravines for 
forest and fruit plantations as well as meadows. 


Fig. 1. - Bulldozer cons 


Experimental base of Povolzhskaya AGLOS 
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truction of a water-retaining terrace above a growing ravine. 


(photo by |.D. Braude). 


I.D. BRAUDE 


A large portion of the reclamation work in the 
ravines should be devoted to constructing ponds 
(5). 


Improving meadow and pasture lands is of 
great economic and anti-erosional importance. 
In the forest-steppe districts basic surface im- 
provement of dry meadows is very effective. 
From observations by the Novosil'skaya Experi- 
mental Station basic improvement increases the 
grass yields (hay) three and four fold (up to 80 
entr/ha). Surface improvement of meadows 
and pastures increases grass yield approxi- 
mately two-fold. The role of ravine plantations 
is significant here, especially when straight and 
convex slopes border ravines. On these slopes, 
as a result of unequal snow distribution and dif- 
ferent thawing rates, the lower slope sections, 
particularly exposed portions, are subject to 
severe erosion in the 100-200 m zone from the 
ravine edge. Under comparable conditions, 
with ravine forest plantations, erosion of a fall- 
plowed field is 1.3 m* from 1 ha; on a control 
strip, 11.5 m3 (Rakitenskiy rayon, Belgorod- 
skaya Oblast'). The transforming role of ravine 
plantings can be seen from Figures 2a and 2b. 


In the steppe and, particularly, dry steppe 
districts where droughts occur almost every 
year, grass cultivation on the banks of ravines 
is extremely difficult. If measures are not taken 
here to accumulate moisture in the soil and pro- 
tect crops from unfavorable weather conditions 
(by forest strips or connecting rows of shrubs) 
grasses will grow poorly. 


In 1956 we set up an experiment to reclaim 
the severely-eroded ravine slopes at the experi- 
mental base of the Povolzhskaya Experimental 
Station for forest and land improvement (Kuyby- 
shevskaya Oblast’). 2 The soils on the experi- 
mental plot were chernozems of low humus con- 
tent, (southern), fine clay loam, severely 
eroded. The slope gradient was 4-16° and 
basic exposure southern. Included in the experi- 
ments were measures to stabilize growing gul- 
lies and protect reclaimable territory from 
surface runoff, entering here from above- 
situated slope sections. Here we also tested 
excavation equipment for leveling ruts and wash- 
outs. Broad base terraces were constructed in 
these experiments for holding back melted snow 
and rain water. To protect crops from unfavor- 
able weather conditions, two connecting rows of 
ordinary June berries and golden currants were 
planted along the terrace. The distance between 
terraces was 20-40 mor more. Zhigulevski 
wheat grass was sown on disked and plowed 
strips between the terraces. 


During the first year of reclamation the wheat 
2Scientific staff member N.M. Nadezhdina of 


Povolzhskaya AGLOS, took part in the observations 
and in setting up the experiment. 
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grass was planted with spring barley, in the 
hope that barley would more rapidly form a sub- 
surface mat of runners and improve conditions 
for growing wheat grass. With the onset of first 
autumn frosts the barley stalks were destroyed, 
and formed mulch that protected the soil from 
excessive dessication; under the extremely dry 
summer conditions of 1957 the wheat grass 
yield, converted into hectares, was 5. 8-8 cntr/ 
ha on the southern exposure slope and up to 20 
cntr/ha on shaded plots. These data point to 
the possibility of reclaiming severely-eroded 
soils for grass and forest plantings. 


Experiments have shown that broad-base 
terraces may be constructed with the help of a 
grader on strips having slopes up to 15°. On 
banks with 6-8° slopes, terraces have a definite 
water-retaining capacity. On the steeper slopes 
terraces appear as stepped-terraces. Their 
water-retaining capacity can be increased by 
deeply furrowing the terrace bed. 


It has been established that this method of 
constructing broad-base terraces is the most 
effective, aided by tractor plow (plowing of the 
terrace base) and grader (which transfers the 
soil material to the terrace axis). Grader out- 
put on slopes of average gradient is 100-125 m 
of terrace per hour and on gently sloping ridges 
(up to 4° slope) 180-200 m. Slope terracing for 
cultivating forest and fruit plantings has been 
widely employed in the Stalingradskiy Green 
District (Fig. 3). 


It has also been determined from experiments 
that construction of water-retaining terraces 
may be mechanized 95%-98%. For such work 
one bulldozer operator can take the place of 90- 
100 diggers. Bulldozer output is 26-35 m3 per 
hour, depending upon the conditions of soil ma- 
terial displacement and size of terrace. It is 
important when we transfer soil material to keep 
the uppermost fertile soil layer intact. This can 
be done to a certain extent by plowing the area 
from which the soil has been taken before it is 
transferred to the core of the terrace. By doing 
so the upper layer is thrown to one side, and the 
lower layer can be used to form the terrace 
core. In one of our experimental variations the 
upper soil layer was removed and piled up to the 
side of the terrace being constructed, and after 
construction the soil was evenly distributed over 
the area from which it had been taken. Bulldozer 
output in this work was 493 m? of soil removed 
per hour. Slopes of terraces may be constructed 
by a tractor-drawn disk surface plow (6). 


Finally, we should point out one very impor- 
tant and effective measure — levelling ruts and 
wash-outs which at present is being done very 
little in production. Ruts, left unattended, be- 
come wash-outs and these become gullies. As 
a result, fields become broken-up, there are 
more detours and microrelief becomes more 
complex. Our experiments have shown that ruts 
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Fig. 2. - Mouth of the eroded ravine ''0dinokskaya’! 
a - before reclamation. In the foreground detritus (crushed stone) and eroded alluvium 


on a river meadow (1925) (Photo by the Novosil'skaya Experimental Station); b - after 
anti-erosional forest and land reclamation (1953) (Photo by G.R. Eyntingen) 
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may be successfully levelled, and the wash-outs 
completely or partially filled. Included in this 
work is the temporary removal of runoff from 
the wash-outs, or holding the runoff above the 
wash-outs. If runoff conditions are not changed, 
surface waters will continue to flow towards the 
filled wash-outs and wash away the terrace soil. 


We can fill ruts up to 0. 4-0.5 m wide and 0. 4 
m deep with a tractor plow, but larger size ruts 
must be filled by a bulldozer. In our experi- 
ments levelling of ruts 1 m* took, on an average, 
21.5 seconds. It is often expedient to fill (level) 
large wash-outs only partly, rather than com- 
pletely, thereby constructing an area convenient 
for transporting machines and equipment, and to 
form ponds. 


Bulldozer output in partly filling a wash-out 
(by sloping the edge and sides) is 96-121 m% per 
hour; when entirely levelling wash-outs and 
shifting soil 25-30 m distance, bulldozer output 
is 30.7 m° per hour. When levelling wash-outs 
we should take care to preserve intact the upper 
fertile soil layer. 


Ithas been estimated that the work in levelling 


wash-outs is 5-6 times less than the time lost 
by going around them when cultivating soil and 
harvesting during the course of a year. 


Water-Regulating Plantations. Depending 
upon the size of the watershed ravines and also 
on the length and type of slope profile, water- 
regulating forest and garden strips are created 
to supplement the foregoing anti-erosional 
forest and land improvement measures. They 
extend their effect also to the areas used for 
field crops (second land category — the non- 
eroded and slightly-eroded soils). 


The principles involved in approaching the 
spacing of water-regulating forest and forest- 
garden strips, which are the same principles 
as in their construction, demand more precise | 
data on soil-climatic conditions, relief, and 
exposure, of the areas where these plantations 
are to be created. The site and size of forest 
water-regulating strips must be determined, 
taking into consideration the character of snow 
distribution, snow-thaw, runoff formation, 
erosion development, and also scientific agri- 
cultural methods used to check runoff on areas 
between strips (3, 4, 8, 9, 10, 11, 12). 


Fig. 3. - Broad-base terrace built with 
(Photo by 


a grader. Territory of Povolzhskaya AGLOS. 
1.0. Braude) . 


674 


MEASURES TO CONTROL SOIL EROSION 


‘rom observations on the effect of water- 
lating forest strips on snow distribution and 
if we may conclude that these strips should 
be built close together. In the forest-steppe 
ricts the water-regulating strips should be 
out primarily so as to permit the wind to 
‘through, while in the steppes these should 
pen structure. The water-regulating plan- 
ns, like the other anti-erosional plantations, 
ild be created from fast-growing tree spe- 

The meliorating effect will then be seen 
ng the first 3-4 years and will increase each 
- thereafter. 


t has also been determined from experimen- 
research work that to heighten the water- 
ining and water-regulating role of forest 
tations we must guarantee a free and dis- 
sed entry into the forest strip (plantation) of 
ace water, and also provide for their pas- 

> through the plantations. To do this, we 

t carry out measures to level off the surface 
elds (fill ruts and wash-outs) and also dis- 
se and stop runoff on fields and in forest 
tations. We must also sod the hollows 

ye forest plantations and build diversion 
ictures here. 


n the next 7-10 years we must conduct an 
-erosional forest and land reclamation 

sram for an area of about 15 million hectares 
roded land. This will enable us to use lands 
e productively, curtail erosion processes, 
revent entry into rivers and onto cultivated 
is of millions of tons of alluvial deposit which 
up water systems, meadows, orchards and 
r valuable lands, obtain 6-8 million hectares 
igh quality pastures and hay fields, 5-6 mil- 
hectares of reclaimed lands suitable for 
ting grain and other agricultural crops and 
it 1.5 million hectares of valuable forest, 

t and nut plantations. We can construct at 

t 15-16 thousand ponds in ravines with a 

>r area of 150-170 thousand hectares. 
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RESTORATION OF FERTILITY OF ERODED GRAY-FOREST SOILS 


BY MEANS OF FERTILIZERS (According to Field Experiments): 


Vv. P. KOZLOV, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


The crop yield from eroded soils is de- 
creased from 30%-60% depending on the de- 
gree of erosion (4). It is estimated that eroded 
soils comprise almost 30 million hectares in 
the European part of the USSR alone. Restor- 
ation of fertility of these eroded soils is an im- 
portant national problem. Very few experi- 
ments were conducted to study the effect of 
fertilizers on crop yield increases in eroded 
soils. Such data on gray-forest soils exist in 
only three investigations (1, 3, 4). 


Plots with eroded soils are characterized by 
variegated top soil inasmuch as soil erosion does 
not occur in a uniform layer but in rills which 
are subsequently plowed. This forms a diffi- 
culty in conducting experiments with such soils. 
Plots with a definite degree of erosion usually 
occupy small areas; therefore, we laid out 
control plots alongside each plot and adopted 
two treatments in the experiments. These were 
started in 1954 at the field of the Moscow State 
Agricultural Station in Serebryanaprudskiy, rayon, 
Moscow Oblast' (Uzunovo village). The length 
of the experimental area was 60 m. 


The area was located in the lower part of 
a slightly prominent 5° slope with a northwest 
exposure. The soil was a fine-clay loam gray- 
forest soil, moderately eroded and cultivated. 
Winter wheat was sown after black fallow. The 
experiment was replicated four times with treat- 
ments as follows: 1.20 metric tons of manure + 
Ps, per hectare; 2.3 metric tons of manure + 
Ps, + 5 metric tons of lime per hectare.2 The 
size of the test plot was 2.5 x 20 = 50 m?. 


Two soil profiles were taken in different 
directions to determine the character of the 
soil several meters from the experimental area 
and analyses were conducted of the soil samples 


1 Presented at the First Delegates' Conference of 
Soil Scientists, May 1958. 


2 Phosphorus was added in the form of a superphos- 
phate (Ps). 
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taken from the plowed layer of each plot to ex-. 
plain a possible variation in nutrient content. 
The data in Table 1 indicate a slight humus 
content in the plowed layer and a sharp de- 
crease in content in the B horizon. The soil 
is not rich in available phosphorus but the | 
available potassium contained in it is sufficient 
for crops. | 


Determination of nutrients and acidity in 
the field that was formerly under fallow (Table 
2) indicated that the pH value varied generally 
from 4.8-5.0 before fertilizer was added to the 
plots. The phosphorus content variation is 
greater but the average values are sufficiently 
close to one another. The difference in potas-: 
sium content is small and the nitrate content 
variation, although significant, is permissable 
for this very available compound; moreover th 
average values are equalized. 


The yield data (Table 3) indicate that addi- 
tion of a full amount of manure with phosphoru: 
has a rather significant effect in increasing 
yields not only on the first crop, but also on 
the succeeding ones. The yield increase was 
close to 20% for the three years of the experi- 
ment, 


The effect of a triple mixture, recorded in 
the first year of the experiment, is consider- 
ably less. As a consequence, this effect ap- 
peared in the third year in a clover and timoth 
grass mixture which is probably explained by 
the liming conducted during the first year of th 
experiment, 


The second experiment in fertility restora- 
tion of eroded soils was conducted on a south 
slope of the XIX Party Congress Kolkhoz in 
Kashirskiy rayon, Moscow Oblast’ in the fall 
of 1956. The experiment was laid on a dark 
gray-forest soil which, for the previous four 
years, was under a grass mixture. The soil 
was slightly eroded in one area in the central 
portion of the 2° slope while at another area 
in the lower portion at a 5° slope the soil was 
moderately eroded. 


ERODED GRAY-FOREST SOILS 


Table 1 


Several chemical indices of a moderately eroded gray-forest soil 
(E.M. Rozenblyum, Analyst) 


Hygro- | Humus LEO}. LOY | 
Pro. scopic | (Tyurin |(Kirsanov(Maslova 
file eesien moisture| method) | method) | method) 
No. % of absolutely | : 

L nical | mg/100 ¢g of soil 

31 |5 m towards the NE 2.8 1.80 
from the experimental 95—30 3.8 0-71 
area 5° slope, NW ex- : 
SEE” ODS Lima 0.60 

32 | 5 m towards the SW fro 
the experimental area. O0—10 2.6 4.92 
Slope and exposure are 40 OR 

|__| the same 


Table 2 


Nutrient content in a moderately eroded gray-forest soil (moderately cultivated) and 
soil acidity before fertilizing 


| Treatments Depth, Range throughout Average 
cm four plots 
Nitrates (NO,), mg/kg of soil. Disulfophenolic acid method. 
3 met. tons man. + Ps,,+5met.tonslims (0—20 35 8—93.5 69.8 
Control O0—20 o1.5—81.3 64.5 
20 metric tons manure + Ps,, 0—20 60.9—83.7 70 .6 
Phosphoric acid (P,O,) by Kirsanov method, mg/100 g of soil 
3 met. t. manure+Ps,,+5met.t.lime ) (Q_99 5 0—7.5 5.8 
Control 0—20 5 .0—7.5 D8 
20 metric tons manure + Ps,, 0—20 6.2—7.9 6,95 
Potassium (K,O), mg/100 g of soil. Ammonium acetate method 
3 met. t. manure + Ps,,+5 met. t. lime 0—20 NSO =O. NTS 
Control 0—20 15.0—19.3 aed 
20 metric tons manure + Ps,, 0—20 16.8—19.3 ier 


Acidity (pH) in a salt extract 


3 met. t. manure+ Ps,,+ 5 met. t. lime 
Control 
20 metric tons manure + Ps,, 


Range throughout 


four plots 
0—20 4.8—4.9 
O0—20 4.8—5.0 (6.0) 
0—20 4 .8—5.2 


Table 4 shows the differences between the 
-eroded soil of a watershed and soils of 

ying degrees of erosion. The humus con- 
in the plowed layer of a non-eroded soil 


lose to 3%, ina slightly eroded soil — 2.5%, 


in a moderately eroded soil — 2%. The 
wus content in the subsoil in eroded soils 
ps sharply and is only half the amount of 


that of a non-eroded soil at the same depth. 


Data on the soil nitrification is interesting. 


An experiment was conducted during an 18- 
day period at a temperature of 25° -28°C. 
During this period the nitrate content in the 
upper layer of a non-eroded soil increased 
from 10-36 mg per kg of soil; in a slightly 
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Table 3 


Effect of fertilizing on the crop yield in a moderately eroded, fine-clay loam, cultivated 
gray-forest soil 


| Increase 
Range throughout 
Treatments four plots ee | entr/ha % 
= 
Grain yield of Khar'kovskaya 917 winter wheat, 1955, entr/ha 

3 met. tons man. + Ps, + 5 met. tons lime Die SEO Tah 25.5 1 55 (6) 2 
Control 22 .4—25,8 24.4 _- == 

20 metric tons manure + PS,, Mt WOO 8 28.6 4.5 AST 

Grain yield of 'Pobeda" oats, 1956. Result of fertilizing in entr/ha 

3 met. tons man. + Ps, + 5 met. tons lime 15 ,3-—20 .9 } tee) 

Control 1a) G22 011 | 18 .6 — a 
20 metric tons manure + Ps,, 417. 5—25-5 i220 4.0 Zn 
Grass (clover + timothy) yield 1957. Moist weight. Result of fertilizing in entr/ha 
3 met. tons man. + Ps,,+ 5 met. tons pea ss = Bil 10) Seid a 4.6 O58) 
Control 78 .0O—79.5 ome | — | oo 

20 metric tons manure + Ps,, L 96.0—96.3 96.3 17.8 val | 
Table 4 
Several data of the analysis of a dark gray-forest soil (E. M. Rozenblyum and A. P. 
Kulakova, Analysts) 
Nitrification capa- . Adsorbed 
Humus city, Nitrate N cations 'Particl 
Degree of : ? ? ) article 
ae Slope |Hori- | Depth, we mg/kg meq (diameters 
: zon cm urin 
EMO a Before the After the att: 
experi- | experi- | Cat* | Mgt* 
ment ment 
Non-eroded| 0 .5° Ap 0—10 PD ks 10.4 39.6 Ween acl) 40.7 
A) 25-300) 1-84 1.6 eC lial Sor it — 
A, | 35—40 | 1.46 125, | Traces) 9) == as 
B, | 45—50 TE AO he? (422.1 Ae 46 2 
Cy, |470—175 — — — — — 57.4 
Slightly Mae A O0—10 2.48 3.3 Lo Wee) ho 28) 41.5 
eroded . ‘ | 
Bt a Ae Traces 3.6 TOE) eo lee 
2 J— : T Paleo |) Bae — 
By (100—105)|/ = |: "Se ies saan foceins ig 
Moderately | 5° ABy O0—10 1.96 Beal 2.4 WAR) | O24 38 .6 
eroded By y) 2550) 0.74 Traces 4 SoGoeln:S. Qadih apts te 
B, | 40—45 0.65 i418 28h 4e0 _ 
Bs | 95—100 — | -- — LO Caan — 


eroded soil from 3-7.5 mg; while in a moder- 
ately eroded soil the nitrate content did not in- date the experiment: N, O, NP, and NPK (this 
crease. The soils in question are similar with order corresponds to the plots in the experi- 
regard to the sum of the cations adsorbed; the mental area). With this arrangement each plot 
sum in the B, horizon was somewhat greater in with N and NP had a common border with a 
eroded, finer-textured soils. control plot, while the plot with the full amount 


We adopted only three treatments to consoli: 
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ERODED GRAY-FOREST SOILS 


Table 5 


Effect of fertilizers on the yield of Liutestsens 62 spring wheat ina slightly cultivated, 
dark gray-forest soil with different degrees of erosion 


Slightly eroded soil 


| Yield i 
Bhd | : Yield 
ield, cntr/ha Ge nenoaca Yield, entr/ha increase 


Moderately eroded soil 


Table 6 


Slightly eroded soil Moderately eroded soil 
No. of grs,|SPec- wt. Spikelet | No. of grs Spec. wt. SniRcier 
er spike-|Of a grain ae : 7 length, [per spike Ofjaherain| goo! iene 
let (aver, | (aver. of SPiselers | (aver,|let (aver. | (aver. of spikelets culver 
,_| per m : : iene 4 
rom 100) ae from 100)|from 100) ers B from 100) 
N | 16.5 32.01 204 i 07 25 30.80 196 4.16 
O Bs Bil 7 NYS 4.58 7.6 29.66 173 3.00 
NP | 18.8 Sonor JAS Roetl 15.8 31.14 184 aoe 
[ NPK 20.2 3808 229 DRS IS}. 31.68 194 Fly 


ertilizer bordered the plot with N. Thus the 
ion of the PK (in comparion with its neigh- 
ing plot) could be examined with the basic 
-ogen fertilizer. 


The test areas were divided into slightly 
ded and moderately eroded soils; these were 
ther divided into 5 x 25 = 125 m? plots hav- 
a calculated area of 2.5 x 10 = 50 m?. The 
eriment was replicated four times. There 
‘e 16 plots in each area. The length of the 
erimental area was 80 m. 


A determination of the humus, available 
sphorus and potassium contents, as well 

he acidity (pH) in the 0-5 cm layer indi- 

2d that a relative homogeniety of the plowed 
sr in the different plots was maintained. The 
ws content in the plots containing the slight- 
roded soil varied within 2.7%-3.1%, while in 
plots containing the moderately eroded soil 
aried within 1.9%-2.2%. Available phos- 
rus per 100 g of soil, as determined by the 
rikov method, amounted to 6-8 mg in the 
htly eroded soil and 4.5-7 mg in the moder- 


679 


ately eroded soil. Potassium content per 100 g 
of soil in the slightly eroded soil was 14-16.5 

mg, while in the moderately eroded soil it was 
18.5-23 mg; the pH value of a salt extract in 

the slightly eroded soil was from 5.5-5.6 and in 
the moderately eroded soil from 5.4-5.8. Thus 
the soil reaction approached neutral in bothareas. 


The fertilizer rate was: N,, P,., and K,,. 
The potassium fertilizer and half of the phos- 
phorus fertilizer were added in the fall, while 
the nitrogen fertilizer and the second half of 
the phosphorus fertilizer were added in the 
spring during cultivation. The entire field was 
then seeded with Liutestsens 62 spring wheat. 


As we see from Table 5, the yield increase 
is much greater in the moderately eroded soil 
than it is in the slightly eroded soil. 


The use of fertilizers in moderately eroded 
soil is fully justified and proves more effec- 
tive than in a slightly eroded soil. The differ- 
ence in yield decreased with use of fertilizers, 
Nitrogen proved to have the greatest effect in 


V.P. KOZLOV 


increasing yield in both areas; even potassium 
produced a significant yield increase in the 
moderately eroded soil. Data developed by a 
method of variation statistics (Table 5) show 
that the difference between the yield in the plots 
with fertilizers and the yield in the control plot 
is significantly high. 


We see from the yield data (Table 6) that 
the difference in yield in soils with different 
degrees of erosion and in plots with fertilizers 
is primarily explained by the difference in the 
number of grains per spikelet and in the length 
of the spikelets. The specific grain weight and 
the number of spikelets per unit area have a 
lesser importance. 
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Conclusions 


1. The use of organic and mineral fertilizers 
on eroded soils greatly increases the yield (20%- 
30% in the case of moderately cultivated and up 
to nae in slightly cultivated, moderately eroded 
soils). 


2. Crop yield is increased very highly in 
moderately eroded soils so that it approaches 
the yield in slightly eroded soils; the use of a 
fertilizer here is justified to the highest de- 
gree. 
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3. The greatest yield increase results from 
a nitrogen fertilizer; the addition of a phosphoru 
fertilizer increases the yield even more; potas- 
sium has a noticeable effect only in a moderatel 
eroded, slightly cultivated soil. 


4, The significant crop yield increase in 
eroded soils by an addition of fertilizers dem- 
onstrates that, in many cases, it is possible to 
restore the fertility of eroded soils by control 
erosion methods and a high degree of agricul- 
tural practices so that the soils will not be 
excluded from useful crop rotation. 
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mprovement 


The Baraba lowland is a part of the great 
Vestern-Siberian lowland, situated in the 
vestern part of the Novosibirskaya Oblast' in 
he district between the Ob' and Irtysh Rivers. 

t occupies an area of 11.7 million hectares; 
pproximately 34% of the area is bog and water- 
ogged soil; 24% natural meadows and pastures; 
(0.6% forests and shrubs with only about 15% 
he land. 


| Typical of the Baraba lowland is the exten- 
tive development of the salinization processes. 
Nearly 40% of the total area is covered by soils 
iaving varying degrees of salinity within the 
3araba, including almost 1.7 million hectares 
‘overed by strongly salinized soils — the solon- 
thaks. 


Under Baraba conditions salt accumulation 
n the soil is due chiefly to soil formation proc- 
2sSeS, past and present, and to mineralization 
yf plant residue. (9). The salinization rate of 
30il and ground waters in Baraba is intensified 
n the direction of a common local slope grad- 
ent running from the north and northeast to- 
vards the south and southwest, from practically 
1onsalinized soils (peat bogs 0.1%-0.3% and 
nineral soils 0.2%-0.5%) in the north to strong- 
y salinized soils (peat bogs 1%-2% and mineral 
soils 5%-10%) in the south and southwest (8). 
[The chemistry of salinization also changes in 
he same direction. In the north and northeast 
he bicarbonate alkali earth salts are predomin- 
int; the amount of sulfates and chlorides (1) in- 
rreases towards the south and southwest. 


A widespread distribution of sodium carbon- 
te in Baraba (3) soils is explained by the ac- 
ivity of sulfate-reducing bacteria. Under an- 
erobic conditions with an abundance of organic 
natter in the presence of sodium salts the bac- 
eria reduce the sulfates to the sulphides, which 
eact with CO, of soil and water, forming sodi- 
m carbonate together with hydrogen sulphide. 


With the general movement of salts in the 
oil and ground water on the Baraba along a 
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ALT REGIME OF THESOILS OF CENTRAL BARABA 
NITH REFERENCE TO THEIR DRAINAGE 


’.S. Truss, All-Union Scientific Research Institute of Hydraulic Engineering and Land 


common slope gradient we observe a clearly 
expressed degree of soil salinization based on 
topography. The nonsalinized and slightly 
salinized soils are found on the better drained 
mineral soils, situated on the higher eleva- 
tions, on watershed plateaus, and also the peat- 
bog soils with a thicker peat layer more than 
0.5 m in depth. Soils of regions adjoining the 
bogs in the bog zone are the most salinized. 
The salt accumulations in the soil and the 
formation of salinized soils on the individual 
elements of the relief are brought about by 
ground waters lying close to the surface and 
by local runoff waters as well as by climatic 
and geomorphological conditions, geological 
structure, water-logging and vegetation. 


Large areas of bogs and water-logged soils 
in the Baraba are the principal available land 
for enlarging the livestock and for raising the 
agricultural level in this subdistrict. It has 
been established that improvements in drain- 
age together with scientific agricultural mea- 
sures in reclaiming peat-bog soils, guaran- 
tee high stable yields of the basic agricultural 
crops on these lands even during driest years. 
After draining the Karapuzskiy bog area of 
Ubinskiy rayon on the reclaimed peat-bog soils 
on the Kolkhozes ''Banner of Communism, " 
Stalin and ''Hero of Labor, "' the following 
yields were obtained from one hectare during 
1951-1955: 54-61 cntr/ha of hay from peren- 
nial grasses; 46 cntr/ha of a vetch-oat mix- 
ture; 17-23 cntr/ha of oats and winter rye; 
175 cntr/ha of potato, and 300-350 entr/ha of 
green ensilage sunflower. 


To introduce the bogs and water-logged 
soils into the economic cycle we must under- 
take reclamation measures that will provide 
for the removal of excess water and regulate 
the water table; this will basically change the 
water-air regime of the soil and will have an 
effect on the rate of the soil-forming process. 


One of the principal problems in improving 
and agriculturally reclaiming the Baraba bogs 


P.S. TRUSS 


is the control of salinization and the prevention 
of secondary salinization. 


This article discusses the results of study- 
ing the salt regime of soils in connection with 
reclaiming bogs in the central part of the Baraba 
lowland. The problem of the effect of drainage 
on the salt regime of Baraba soils has concerned 
many investigators (2, 4,5, 10, 11,12, 13,16) but 
their data conflict: in some cases after reclam- 
ation an intensification of the salinization of 
bog soils and ground waters is noted; in other 
cases a salinization of the upper horizons of 
the soil and of the ground water is observed. 
This contradiction in the results is explained, 
apparently, by the specific characteristics of 
the natural conditions (climate, geomorphology, 
hydrology, ete. ), and also by the differences in 
the properties of the soil material, macro and 
micro-relief, heat regime, etc. It is possible 
that investigative methods used also played a 
part. A further study of this problem is of 
great practical importance in controlling sal- 
inization. 


A study of the seasonal dynamics of the salts 
of solonchak-like bog soils at the Ubinskaya 
Experimental Station for Melioration (6, 7) 
showed that the migration of salts together with 
soil moisture is subject to great seasonal vari- 
ations. During the winter, moisture is accumu- 
lated in the soil when it is frozen and the salts 
are drawn into the upper layers; during the 
summer as the soil begins to thaw, together 
with the downward flow of water, the salts are 
removed and the upper soil horizons become 
desalinized. 


In experiments with mole drainage and sub- 
soil shattering (15) on meadow solonchak it 
was shown that during a vegetation period 
these measures contributed to a more rapid 
percolation of precipitation into the lower soil 
layers and to desalinization of the upper soil 
horizons. 


After the construction of the Karapuzskiy 
Canal had been completed and agricultural 
reclamation of the drained lands had been be- 
gun by the Kolkhozes, we participated (from 
1950-1956) in the work of the Baraba expedi- 
tion of VNIIGiM and conducted studies of the 
salt regime of drained peat-bog soils and 
mineral soils adjoining the bog. The objec- 
tives of these studies were to determine the 
rate of change during the salt regime and the 
degrees of salinization of plowed and subplowed 
layers in the drained soils. 


As a subject of study we selected the bog in 
the Karapuzskiy swamp depression basin (sub- 
ject to seasonal inundation) on the kolkhoz 
"Banner of Communism, '' Ubinskiy rayon, 
and adjoining the bog in the bog zone and on the 
elevated elements of the relief. Botanical com- 
position of the bog is basically reed-sedge. 
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Bog belongs to a group of slightly-salinized 
bogs of the chloride-sulfate type. The thick- 
ness of the peat layer at the center of the bog 
is 150-200 cm and decreases towards the 
periphery to 30 cm, The bog surface is covereé 
with hummocks consisting of an interweaving 
root system of peat sedge. The height of the 
hummocks is 40-50 cm, with 30,000 or more 
on one hectare. The infiltration coefficient for 
the upper layer of bog (0-25 cm) equals, on an 
average, 0.00675 cm/sec. Calcareous clay 
with an inclusion of fresh-water shells is the 
layer lying under the peat. 


In the bog zone the soils are basically a 
meadow solonchak of a chloride-sulfate type 
of salinization, while on the higher topography 
the soils are slightly salinized chernozem — 
meadow soils. 


Studies were made along two profiles which 
include all the basic elements of the relief — 
bog, along the bog area and crest. 


A bog strip in Profile 1 (Line 1) up to 1956 
following construction of the main open drain- 
age network remained unreclaimed, while agri. 
cultural crops were planted in 1951-1956 ona 
bog strip in the Second Profile (Line II) after 
construction of the main open drainage network 
combined with a closed network (slit drainage). 
The land in the bog area was used as natural 
meadow land, while on the higher topography 
agricultural crops were grown. During this 
period observations were made along the pro- 
files (Lines I and II) for the depth of the water 
table and soil samples were periodically taken 
near individual Observation Wells to analyze 
salt composition. 


Soil samples to be analyzed were always 
taken at the end of July to eliminate the effect 
of season on the salt regime of the soil (keep- 
ing in mind the considerable vertical migra- 
tion of salts in the soil at various times of 
the year). Solid residue, CO,, HCO,, Cl, SO,, 
Ca, Mg, and Na by difference were determinec 
in the water extracts from soil samples at a 
depth of 0-20 and 20-40 cm. 


To show the characteristics of the meteor- 
ological conditions and the regime of ground 
waters, Table 1 gives data on precipitation and 
water levels for the vegetative periods 1950- 
1956, and shows monthly and annual total pre- 
cipitation, From these data on total annual 
precipitation we see that a study of the salt re- 
gime of soils coincides with severe drought 
periods in Baraba. In the period 1950-1956, 
four years (1950-1952 and 1955) were charac- 
terized by severe droughts; in the moist years 
1953 and 1956, precipitation was 28% and 47%, 
respectively, over the 24-year mean, while in 
1954 precipitation almost equalled the annual 
24-year mean, During dry years in the Barab 
the level of ground waters dropped to a consid: 
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Table 1 


Total precipitation by year and month for 


1950-1956 from data of the Ubinskaya 


Meteorological Station (mm) 


Years 
Months | 
4950 | 1954 1952 | 1953 1954 4955 

January | Salem oe DOF NAS 333 Gc) tO Ae 8 8.7 
February 4.1 a5 0.9 | Seo 9.31 480) 2.9! 6.8 
March 10.7 4.0 6.2 BONER! eae GROM WAT AT 9.6 
April 20:74 4 ee! oe eee eS Be) | P29) eG ye SET lees 
May 23%2 9.9 | Se open 179i | SOLD eae? Tite 46 185) Pe 26 
June BAS bay 42h Ol e825 131.9} 49.0 YAN S27 Bs) 2 
July Oem 42.8 0 257 IO xo 2 ORO Zhao) Gres 69 .2 
August 29.8 Pen | Meese Hie oh ORO ou ol Looe moss 
September 44.7 Seco lb cee la De Te Sel ae gi) CO. 42.7 
October 14.{ 1356, «jqweb4 Curie SOL Waele aly 4S eile 527 3G 
November 7.6 1053, devo. ony Tiel! SOLO eid Or) 5 Gay Hi5c0 
December O57 11.6 2D Spey Oda (eee Oae 8s aye 18.cal | BIG 
Total by year 253e1 194.2 BTU tot LAO a) 824094) 229 16502 Fe) | Bad 18 
Total for | j 

Jan, -June 98 1 77, 66.6. 4213.61 415.54 53-11489.51 124.4 
Total for vegeta- [x to’ ee ay a: Se ieee 

tion period, May- | 
| September. . VASE A Siew bases pilmet22..3 {263.8 | 231 {25 OSS 32 246 2 

t {i | al} 
able depth and the upper soil layers dried, on the bog and along the bog area. On the bog 


ich shows the effect of salt dynamics in soil. 


In order to compare the salt dynamics in the 
per root layer of soil with precipitation and 
zime of ground waters, Table 2 gives the 
nimum and maximum water tables by pro- 
es in the summer for the period under study. 
e data for 1950 were obtained before drain- 

s the bog. 


The water table depends to a great extent 

on precipitation and varies widely by months. 
e highest level of the water table was noted 
1950 before draining the area. The maxi- 
im reduction in the level of the water table 
sins towards fall. For example, on the bog 
rofile 1) in the dry year 1952 the level of 
5und waters dropped in September to 175- 

7 cm, while in the heavily wet year of 1956 
Jropped to 125-137 cm. 


In Figures 1 and 2 we see the depth of the 
ter table from Profiles 1 and 2 during sep- 
ate years; the minimum level is in May and 
1e, the maximum in August-October. 


The results of determining salts in the soil 
ym the first profile (Line I) are given sep- 
utely for bog, along the bog area and ele- 
ed elements of the relief in Tables 3 and 4, 
15. From these data we see the sharp 
ference in the degree of soil salinization. 
ainage has a substantial effect on the salt 
time of the upper root layer of soil, mainly 
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(Table 3) we observe a constant salt accumu- 
lation in the upper soil layers. The percent- 
age of solid residue is increased owing to 
calcium and magnesium sulfates. The amount 
of bicarbonates and chlorides decreases and 
only at Observation Well No. 10 in a 0-20 cm 
soil layer is there an increase of Cl from 4.91 
meq in 1950 to 5.91 meq in 1956; at Well No. 

5 ina 20-40 cm soil layer HCO, increases from 
1.25 meq in 1950 to 5.16 meq in 1956. In addi- 
tion, at Observation Well No. 10 in a 0-20 cm 
soil layer the percentage of Na increased from 
21.80 meq in 1952 to 28.23 meq in 1956 and in 

a 20-40 cm soil layer the percentage increased 
accordingly from 20.94 meq to 21.25 meq. Along 
the bog area (Table 4) we also noted an increase 
in salt content in the upper soil layer due to 
chlorides and sulfates, chiefly. This is ex- 
pressed particularly sharply with Observation 
Well No. 13 in the dry year 1952 after the two 
preceding dry years. Here ina 0-20 cm layer 
the Cl content increased from 7.86 meq in 1950 
to 17.03 meq in 1952; SO, increased accordingly 
from 33.60 meq to 62.83 meq and Na from 11.95 
meq to 74,31 meq, while in the 20-40 cm soil 
layer the Cl content increased from 3.93 meq 
in 1950 to 9.01 meq in 1952; the SO, content 
increased accordingly from 27.77 meq to 

38.12 meq and Na from 6.20 meq to 42.18 meq. 
In the wet year 1956 desalinization was ob- 
served in the upper 0-20 cm soil layer and a 
decrease in the content of Cl, SO,, and Na as 
compared with the content of these in the dry 
year 1952 which, obviously, is caused by the 
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Table 2 


Water tables after drainage from Profiles 1 and 2 in centimeters from the surface 


M | 1952 1953 1955 1956 
oTe7elsi/e/e)el 2] é Sepee mE |e 
Dee eso ee ie Nila Aiea eleecam F 5s el SE 
Sega ec ce dias abhaut | jhe) Safigbe piles oat 
ae est sok aka hall ah Sims eee ees 
Profile No. 1 on bog 
4° | [= | i > Ae 
June| 13 | 27 91| 95| 106] 125| 85 inotdet| 63: s0| 13 143 102 7 
July | 28 | 50 | 125) 178) 117) 149 Gil | alae 68 | 77) 144 147 125 442 
ie OY Vivo ny) too 147 1554169 100 e425 70 | 93 150 154 140 148 
Sept.| 50 | 68 | 450} 155] 475; 180} 123 | 125 73 | 90.) 142 152 125 | 137 
Along the bog area 
June im SOM LUG elie OS eC O9 mimes One LOO eos 114 195 204 
July 3 COME 173 193i 180) S19 IoD 170 | 146) 166} 114 422 200 214 
Aug. | GO | 77 | 197} 210) 199| 204) 175 9D On LO On a2. 132 203 214 
Sept.| 55 | 82 | 225) —| 222); 224) 172 ANeKO)> 1] Ass} || AIA || Ae) 135 190 200 
On slope on elevated elements of relief 
Nene! BES | GO) |) ay || i) eS | ee) sie?) ety 93| 101) 4115 125) 123 124 
ULY ae Omi ee camle 27.9) el OSs eco On ee liz 176 88} 124) 131 149 130 144 
Aug. | 56 | 69 | 200) 215] 187) 196; 170 Kerr || dle || até.) Gla 155 145 157 
Sept. | 67 | 74 | 220] 226} 230) 237 Not determined 197 | 203 Not det. 
Profile No. 2 on bog 
ban Not determined 418) 128) Not det. 88 | 108 97 417 444 |) 124 
ULM EAG MI T5S MESBM OOM POS ALT ECLIRE 964) 88100144 oie SOG 23 | 129 
Aus. AT | 52 | 73 | 88 | 405! 143) 83 | 110 SON RAH 2S 140 127 137 
Sept. | 35 | 44, | os} | GH | OS) | ats | Sly | AMO} |p laltey |) SIS FSS) 142 121 | 1 
Along the bog area 
June | Not det. | 61| 93] 80) 105| Not det. 68 .76ioq 96.4 {a4 304, 1 1Siay 460 
July | 64 | Ge || “PAL a0) A SIE 69 | 107 64} 108) 4142 145 132 1S) 
AUC a OLS et oonm Ac Weal des Wd th, ilests} |) SANG) diel) lf 174 159 109 
Sept. | 58 | 81 | 148) 162) 157) 160} 4139 140 TOY 7 Ae 178 160 171 
On slope on elevated elements of relief 
June ; Not determined 40) 400 >= 1 (73 VaR OO” SORT O aR OE. 
July | 80 | 85 BW) alt a | 107 — 82 AUG) (98) alt 120 130 50 
Aug. | 74 ; 83 | 108) 137 eed ames) LD Te OST RSLS a 169 Ail (iy 
Sept.| 73 | 85 | 152] 168) 145) 453| 407 gUAISE 1} aUeeshai ileal |) iI) 172 M4 J55 
(Pessoal) fies ils 


removal of salts into the lower layers of soil 
by precipitation. 
of the elevated elements of the relief (Table 5) 


we do not see a change in the salt regime of the 


upper soil layers associated with drainage. 


The data obtained from Profile 2, situated 
approximately 3 kilometers southwest of Pro- 
file 1, is given in Tables 6 and 7. From this 
we see that on the bog and along the bog area 
from Profile No. 2 there is not a sharp differ- 
ence in the degree of salinization of the upper 


On the slightly salinized soils 


soil layer, as was observed from Profile 1 
(Table 3, 4) where the soils on the bog have 
been salinized considerably less than those 
along the bog area; this is explained, apparent- 
ly, by the difference in the relief of the area 
and by several other reasons. 
of the changes in the salt regime in Profile 


The character 


ane: 


2 differs little from the change in the salt 


regime of the soil in Profile 1. 
bog in the 0-20 cm soil layer (Wells 3, 5, 7) 
we note an increase in the sulfate contents 

of Ca, Mg and Na, and at Wells 5 and 7 there 
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Here on the 


SALT REGIME OF CENTRAL BARABA SOILS 


“956 


aspta jo sdojs 
a al 


\ 


GON go 


Og 62 8¢ £2 


“HS6l “ZS6L ‘OS6[ 404 uo!lqewe,o01 pue efbeuleip uaqye Z 


CS61-Xi/s 


ee eae eae 


95-SS61 


jsaID 
92 


meat 


TOOT UES Cae oa 


Side Sie ey oe oe — 


PSS Bee 


“7561 ‘0S6| 404 ebeuresp saqye | 


SC 4 &¢ 


Shae areata Sah epee fi fF 


9S61-H1/01 


vale 380q 94} SUOTY 
y 


“ON @[14O41g woty saazem punosB jo awiBoy - - 


STITOM UOTJBAIESgO JO NN 


Sd 


201200 61 8 


“ON 21 1f04g Woy sudqzem punosb jo awibay - °* 
STI[@M UOTeAIESgO JO NN 


eae S0q oy} SUOTY 


x 
=i 


XS KING KR 


‘ON [euBD 
‘ON TeueD 


[ 


5 Peel 


agzeL 
ore: 
B 
VII = 
A Al ‘) 
leah tae 
ot { is ~m 
Pile 001e! 8 
heals 
eal tite c 
ates ‘ 
Lb ae B 
oy a 
B O70s 8 
=) n 
= 
= 
Z 
iS 
TCO! 


S1ojoW ‘aTeos [BUTWION 


685 


P.S. TRUSS 


‘boul ST 1oyeuTUIOUAp ‘% ST LOyELOWON , 


€ 91GB. 


Cane 89° TT czy. | zeee | 1S | O70 | esez [lecter | 90°79 (eety.|.3676 | 08%0 
Lesy'0 | OZT'O | e500 | 6969" 1 jgvZTOy¥eO'O] 12° | 98°% | SES9°O | Ly9T'O | HZTO 0626' T/8602°0| $870°0 | soz | LEE 9°6F 
1602 762) 66°0 99° |-€7 1. 8L'0 | 08'1é 6% SOMOM Fee rad | Gass S Reh) 
gisy'0 | s270°0 | s6r0'0 | s6g0'F |gizt°Ogz¥0°0| zet | Get | yroSs'O | G6c0‘0 | g6t0'a 20 4 pee 9€60° 0 ve LIV? CS6I 
Cer) lieGie hort Gt LG ere 
9UulIUlI919 oO ; sUuTWI949 O = 
el aa aa 6zg9'0 lAseT A:aG80'O] L8°O | ett aba, real P3elss iZShe OlS¥L'O] 8060 | 6g°0 | S6°0 OSG) 
Wo Z@), ~SSeUyOTY} yead fur COL ‘yeuvo WO} 9OULISTG ‘OT “ON [19M UOTIVAIISGO 
one | ceo | sey | gore | gore | ons | Og | ise) | 762 2 ae oem a6 0 
T¥€}'O0 | €e80'0 | ¥860°0 | ZST¥\0 9081 OLVTIE 0, 29°O0 | Sz t| 92700 | OL90'O | 68S0°O IZIvE°OEL80°0} ELS0°0 | 790 | ¥E°T 9C6} 
Vat BOO) | ere ey PL 6 66% Vo. 4.G988 | 06) (Sea 
87G0'0 | 81620 91ZF'09S60°0, SO | €6°0 | OFeZ'0 | GSE0'O | 87Z0'O TSIy'OZYOT'O| vEvT'O €9°0 | €0°t eL6F 
SS || Wey ae | §S°0 | 16°7 | S°z 
peuTuiajap JON -- peuTUr.ajep iON ; ‘ ae 4 ’ 
090 SyLT0€920°0! 0S'0 | 18°0 '¥SZ0 OSPLT'O! 92S1°0 ou RO WSS) 
Wo OG, SS9UyoOTYy} yeod Sul HONE ‘Teueo wots VDURISTG “GC “ON I19M UOTIVALTISAGO 
Se | SN Sa aera Gee | 0g°0 cose) |) Diy Cee, | ener esd 90971 | 
0890°9 | 6080°0 | S6TF'O | ¥Sz9°0 |61GO'O\gsyO'0} 28°0 | 9¥°E , OFL0'O | GzOL‘O | F8yI'O SECL'O|TY80'0, 9460°0 | 26°0 j OL" 9C6} 
laa), 97'S 6670 CLO. Nee, | Sho | 7o° eh 97% yL 0. | 96°01) €rieinw SEC. | 
SILI'0 | 66z0'0 | 8610°0 | gzce'O |g980°O/Sz0r'0} ge°O | ¥L°0 | FITE'O | 66z0'0 | 6yTO'O (as yeyr 0 | 220 iy ¥| sS6r 
REG. | 6 eye | WO LEG NG sneer bas 
suImI3919 O | 
yg L0sz'0 |96e1'olgosrol zoo | 920 | Pg a ded sr 7900 0l96eT°0. wyrcz'0 | 09°0 | oor! os6r 
Wd OGT SSoUuyoTY} yeod ‘ul TT ‘TeueD WOT] BOUeISIGQ °Z ‘ON TIAM UOTJAIESGO 
a0ue | go0ue s | 
-J9ajjIp SW 3) "OS 1) “OOH | payusy, | Aq | -1ayzzIp SW te) ‘OS 1) “OOH peyus, | Aig 
Aq @N _Aq @N 
: | ¥ 4 ae % Iev9az 
Ee ES oheds ‘gnpisad ptjos or DUE Zo Ul ‘anpise. pros 
IaART WD OP-0Z ¥ 1aheT WO 0Z-0 
J OUI] ‘aSvUTeIp 0} 9OUaTaJaI Y}IM BOQ UO [IOS Jo sUITZay WeG 


686 


SALT REGIME OF CENTRAL BARABA SOILS 


‘bau ST 1oyeuTUIOUEp '% sT LOFIOUINN,, 


Take] UD OF-0Z 


Jake] Wd OZ-0 


T OUT'T ‘oSeuTeIp 0} soUarajer YITM vate Soq ay) SuoTe [Ios jO awiTsaa ye 


v PIAeL 


8 


T ae 7 
99°76 OL SP /9b° 2d |T9° LE |Le°HF | FG al GL'VE tS 8b _|OP TE 190° 9% |6S° OF 16°0 
VLOS"O |606) O)987E O/ZCOR WFOTS O\6ZE0'O| ye" 16° € GOEL'O JOSCS" O/P8ES" 0/9611 2/6680} Ssco°O us 69°¢ BV, 96} 
Cc Vy 68 G | GEO |LS°GE [Seth | Ss°0 OS" ¥S OS"? | SEO |SS°9F IGS" TT Got 
YI9G 0 |é790 O/GLOO O/ELOL FEOY Oj/eseo° Oo] 26°? WE & GES" VY |L¥S0° 0)6900' 0/S¥Ee"ZjO0Fr 0} G9L0°0 ia 96 7 6e°7 cS6) 
86 LG |8¥' Sh |PE Fl 6) LY | 726 | LPO VSG Pe" 9¢ |¥8° EF |9b S% 10S" LT 6-0 
7969 0 ISS) OIVLS@ OILE9S CIOSEE Ol8szo'0} 192 | BBs 910S°0 IL8TE OlELLZ OlIZ980°Z1ZFZ9" 0] zZES0'0 4 88°§ CEy OS6) 
"JOS TLOUTU ‘UW 9GO‘T [BUD WOIJ BdULISIG “LT “ON TIAM UOTIeATESqO 
LY VE 188 St _|€8 Ob |90° 77 109° eb | 2S°0 GO'EE_ 16S" ST | 69°6 |69°€F JOG ET Vet 
SEGL°O |TECL O|OLTZ] O|8¥IF Z/Sz8v OlLTEO' 0] zga'e €8'€ VO9L'O |L88)° O}1Y6) O12S60°c|tZL7°0} 6620°0 | yap you YS eV? 9S6} 
Sh GY GOS | _S¢"0 |cb'8e | 10'6 | 6E°0 ema 919 | 66°0 J€8°79 JO" LT 06°0 
TOLG'O |6190 0/6700 O}LEG8" TIL6VE O]6EZO°O] 88's OV'€ V6OL'F |67L0°0/6S00° 0/6510" €/9709° 0) 6FSO'O | €z00°0 10 & CAE CS6h 
Q'9 |66'Ch_|Ph "Eb |LE-Le | €6°€ |.€9°0 | S6'T)_ |91°8) |€e'et 109° Ee | 98°L | 860 
92060 I90Sh O]ESLSO|LEEE TI96Eb O]”8eo'Ol soz VES CELE 0 18066 OIGL¥C O|LZT9' VIZ6LZ Ol ~0090'0 | ‘ep ou! 68°Z 9c € OS61 
‘T]OS [e1OUTU ‘UI g69 [eULD WOIJ 9OURISIG “ET ‘ON TIEM UOTZeATEesgO 
| a0ue | aoua soye 
-razyip | Flv ide) ‘os ID | *OOH } pequsy Aq -rayyip | 3W ney || Yor) ite) ‘OOH -uo0qies | poyus] Arq 
| Aq @N Aq @N [VUIION 
9 9 rea 
baw pue % uy Bee aoe bow pue % ul pea. A 


687 


"baw St 10yeuTUIOUSp *% ST LOJEIAUINN,, 


P.S. TRUSS 


Gli Mh | PEO |\ FEC 80 TF ee O | Ge) LO SO) EO BE O | 7-0 Gh Sd 
G680°0 | GS00°O {8900°O} 9080°0 |TS00°Oje”E0'O] FO St 0 8010°0 | 9800°0 8900 °0|ZL00° O!E800°0} ¢890°0 60°0 910 926) 
cere heat 820 hop jou ie’ 660 o8 0 OS" 0 SOON WG yy nao) 660 EE 
| PLOO'O 09760 0 |GETO O}9SE0 0} OF°O ar 0 %810'0 | €800°0 .ZLZ0'O;CG7O O}FOLO O} cEco'O Zl @) 0 GCOF 
poutur.tejap JON Rel sal ou poutur.tajep ON hel, eat al am 
é €€S0 0 IGL20 O1GL90 0} 10°0 60°0 ‘ 0€¢0 0:60G0 O| SGITO €1 0 OG UO OCG} 


[IOS TerouTU fw TOP‘, ‘Teued WO BDUeISIGQ ‘FZ ‘ON [19M UOTWAIISIO 


8h°2 OE | 20) se i ee'o.| sie Gey 76O> | SLO eC GL) edad 
0L90°0 | 8&10°O |Sst0°O! ¥090°0 |eco0'oleeGr 0} zz°0 Gy'0 | G0E0'O | ETTO'O |9¢00°0/2900°U;G920°0} ¥660°0 910 Le © 9°64 
Ome LE 660 69°% Commi ear Gee ecg ROM GIO) I Sex) On? 
€160°0 | L910°O IGe00'O) T6ZzF°O Jegro‘olgect’ol 6270 270 | e920'0 | TL00°0 Iero0°0lzz4¥0'O|80c0'0] zsrt°0 | 020 Ze0 SCOT 
66°0 LET | 0"0 CO OLED) Oe @ 
peuTute}9p JON 1¥0°0 ISTFO‘OlD¥ZO'O| geo eCs0r al Peuaiteion 20N TF90 OISTFO'O! OzEo’O | 62-0 8h'0 OL6T 


‘[IOS [eLouIU ‘tw TP‘, ‘Teueo WIOTy BOUeISIG “EZ ‘ON TI@AA UOTIeAIaSqO 


688 


ae ae EE | 03S 0 BVO) ose oer y.| bie | gro | 8672 
GTEO'O | 6S00'0 L8L0°0 |P8T0°O}FTEO'O] FT°0 €Z°0 | ¥E00°O | OPEO'O |FSgO"O LTSh°0 | 180 19°0 9°6F 
GV G 870 eG | 46.0 | 82 0 VAS 9S ft ceo Oy 
€960°0 + G200'0 TTOF'O |¥OT0°O/SL70°0] 020 | ¥Z'O | ETET'O. | 9220°0 J6900°0;6 reo 0| S100 | GeO | GPO ce6l 
BS | S40 | SS LGUE | SSE | LTE | eee I 
PeUupurse1P ION 1c7<0 0) GE10°O. \efeo Oleceo Gl S170 ego | Peututza19P ION Jeqv9Glecor'clgt70'O! w9EG0'0 | 620 80 OG] 
*(enba1d) Wd OE-Gz SSeuyoTY} yead ‘ul [gZ‘T Teued WIOTJ BoULISTIG “OZ ‘ON TIAM UOTeAIESgO 
aoua | Saas : 2 : = 
-1ayzIp Sy ie) (OS ID | °OOH , pazusy Arq | -193JTp BW “we "OS 19 ‘OOH | paqtusy kid 
Aq @N Aq ®N | 
zea 
bew pue yusosed uy A % bow pue jusoied uy | % A 
anptsed pr[os | ‘gnptsez prjos 
Iahe] Wd OP-0Z IakeyT Wd 07-0 


‘T OUTT “aSeUTeIP 0} BDUSTOJII YJIM JOl[II 9Y} JO SJUaUIaTA payeAsTa UO [IOS JO 9UITZaI 4TeS 


G eTOBL 


SALT REGIME OF CENTRAL BARABA SOILS 


In percent and meq 


20-40 cm layer 


| Solid residue, 
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In percent and meq 


0-20 cm layer 


% 


Solid residue, 


Year 


Na by 


Na by 
differ- 


Ignited | HCO; Cl 


Dry 
Observation Well No. 29. Distance from canal 1,916 m; mineral soil 


Mg 


Ca 


ence 


Not determined 


0,0752 0,0190 


not det. 
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3), 05 
0,0056 0,0056 
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is an increase of thlorides; the percentage of 
bicarbonates decreases; in the 20-40 cm layer 
of soil the percentage of bicarbonates and chlor- 
ides decreases, and the content of sulfates, Ca, 
Mg and Na increases. Along the bog area (Wells 
8, 9) we record a decrease of bicarbonates and 
an increase of sulfates and chlorides. On the 
slope (Wells 10, 12) desalinization occurs in the 
upper soil layers with a certain fluctuation by 
years. 


We must note that on the drained bog we did 
not observe any damage to cultivated agricul- 
tural crops during the whole time the salt 
regime of the soils was being studied, which 
probably is explained by the adequate amount 
of the soil of pure water from the permafrost; 
we also did not observe any expansion of salin- 
ized land area after drainage, as Khainskiy (16) 
had pointed out earlier. 


Conclusions 


1. Under Central Baraba conditions after 
drainage, degree of salinization of the plowed 
and subplowed layers of bog and mineral soils 
of the bog zone increases, chiefly owing to sul- 
fates and, in several cases, chlorides of Ca, 
Mg and Na with a decrease in the quality of 
bicarbonates, which is expressed particularly 
sharply during dry years. We did not note 
any change in the salt regime on elevated ele- 
ments of the relief after draining the bogs. 


2. One of the principal factors of salt dy- 
namics in the upper layers of soil is the soil's 
water regime, caused by precipitation. In this 
regard, in order to control soil salinization 
under Baraba conditions we must attach great 
importance to regulating the water regime of 
soil on all the elements of the relief by snow 
retention, accumulating runoff on the elevated 
elements of the relief and on slopes, and by 
carrying out other measures aimed at intensi- 
fying the downward flow in the soil (sub-soiling 
and mole drainage). The creation of forest 
strips by using natural breaks will aid in regu- 
lating surface runoff waters and increasing 
total air moisture. Correct use of reclaimed 
salinized peat-bog soils by high scientific agri- 
cultural standards of crops will enable us to 
prevent secondary salinization. 


3. With regard to the development of drain- 
age improvement measures on the Baraba low- 
land and with regard to drawing into the econ- 
omic cycle the salinized bog areas, reclaimed 
to various degrees, there arises the need to 
conduct studies on the evolution of reclaimable 
lands in lowland districts where natural con- 
ditions differ. The migration of salts both 
in the upper layers of the soil and in the layers 
which lie under peat bog should also be studied; 
we should also explain the source of salt entry 
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into the upper layers of soil, in order to con- 
centrate on controlling salinization and prevent- 
ing secondary salinization. 


1. BAZILEVICH, N.I. 1953. 


2. BEL'SKIY, V.I. 1936. 
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- GOLYAKOV, N.M. 1951. 


. GOLYAKOV, N.M. 1953. 


Received September 12, 1958 


BIBLIOGRAPHY 


Types of salin- 
ization of the natural waters and soils of 
the Baraba lowland. Trudy Pochvennogo 
instituta imeni V. V. Dokuchayeva, Akad. 
Nauk, SSSR, Vol. 36. 


Improving the 
physical and chemical properties of 
salinized Baraba bog soils of Western 
Siberia. In the collection: All-Russian 
Lenin Agricultural Academy. 


VERNER, A.R. and N. V. ORLOVSKITY. 


1948. 
and salt regime of Baraba soils. 
vovedeniye No. 6. 


Role of sulfate-reducing bacteria 
Poch- 


GORSHENIN, K.P., G.M. DEMCHENKO, 


and V.A. SHELUDYAKOVA., 1929. The 
Kundranskoye and Suminskoye flood plain 

of the Barabinskiy Okrug. Trudy Sibirsko- 
go instituta Sel'skogo Khozyaystva i Lesovo- 
dstva. Vol. 12, vyp. 1-3. Omsk. 


GORSHENIN, K.P. and N. V. SEL'SKAYA. 


1929. Soils of the Rybino-Kargalinskoye 
expanse of the Terskiy Okrug. Trudy 
gosudarstvennogo Pochvennogo instituta, 
Seriya Sibirskogo otd. No. 1. Moscow. 


Specific char- 
acteristics of the salt regime of Baraba 
peat-bog soils with reference to drainage. 
Pochvovedeniye No. 6. 


Salt regime of 
bog soils of Central Baraba with refer- 
ence to their reclamation. Dissertation 

in competition for degree of candidate 

of science in Agricultural Sciences. Omsk. 


694 


8. 


oO 


10. 


il, 


12. 


13. 


14, 


15. 


16. 


KOVDA, V.A. 1954. Problems of the 
Baraba lowland. Problems of the origin 
of salinized soils and their improvement. 
Trudy Pochvennogo instituta imeni V. V. 
Dokuchayeva Akad. Nauk, SSSR. Vol. 
XLIV. 


KOVDA, V.A. and N.I. BAZILEVICH. 
1945, Methods of transforming the 
nature of the Baraba lowland. Vestnik 
Akademii Nauk, SSSR. No. 9. 


KRASOVSKIY, P.N. 1923. Problem of 
the change in vegetation of bogs of the 
Baraba steppe with reference to their 
drainage. Izvestiya biologicheskogo 
nauchno-issledovatel'skogo instituta i 
biologicheskoy stantsii pri Permskom 
gosudarstvennom institute (Report of 
the biological scientific research institut 
and biological station, Perm State Uni- 
versity) Vol. 2, vyp. 4. 


KUSKOVA, YE.S. 1945. Effect of drain- 
age on the salt regime of water-logged 
lands of Baraba. Pochvovedeniye No. 
5-6, 


KUSKOVA, YE. S. 1946. Effect of drain- 
age on the salt regime of soils of the 
Malo-Torokskoye bog. In the collec- 
tion: Collection of the Ubinskaya experi- 
ment station for melioration. vyp. 1. 


MOLOTILOV, A. 1912. Sketches of the 
nature of Northwest Baraba. Tomsk. 


TRUSS, P.S. 1952. Problem of agricul- 
tural reclamation of the bogs of Central 
Baraba. Pochvovedeniye No. 3. 


TRUSS, P.S. 1955. Effect of mole drain- 
age and sub-soiling on the water-salt 
regime of soils and on the yields under 
Baraba lowland conditions. Pochvovedel! 
iye No. 4. 


KHAINSKTY, A. I. 1915. Soils of the 
Baraba and Altayskiy Okrug along 
the left bank of the Ob' River. 
(1912 and 1913 soil studies). Petro- 
grad, 


HE ROLE OF YEASTS OF THE GENUS LIPOMYCES 


N SOIL PROCESSES 


=.V. KONONENKO, V. V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


At the present time there is a broad litera- 
re devoted to yeasts. Because yeasts carry 
1 many fermentation processes and have 
ng been put to practical use, they were 
udied early and thoroughly to improve manu- 
cturing processes. Far less attention was - 
ven to the distribution of yeasts in nature, 

id relatively little work has been done on the 
-currence of yeasts in the soil. Starkey and 
enrici (12), in treating this question, ob- 
srved that yeasts are relatively infrequent 
soils. They were of the opinion that these 
‘ganisms merely survive there, and that they 
in have no significant effect on the conversion 
substances in the soil or in changing the soil 
ructure, pH, or other factors. 


Starkey (11) later described a group of 
asts, consistently isolated from the soil on 
itrient media, that contained no nitrogen 
ympounds. He even assigned this group to 
e ordinary soil population. These yeasts 
ore considerable quantities of fat internally, 
id on the basis of this characteristic Lodder 
id Kreger (8) assigned them to the genus 
ipomyces. Lund (9) described methods to 
cilitate the counting of yeasts in soil. Using 
ese methods he found a considerable quantity 
yeasts in the soil, but lipomycetes were ob- 
rved in smaller numbers than were other 
rms. 


In the Soviet Union, the distribution of 
yomycetes in the soils of Yakutiya is de- 
ribed by Mazilkin (4). These data are new 
d interesting, but do not reveal any features 
aracterizing the distribution of lipomycetes in 
fferent soil groups. 


Over a period of 4 years we analyzed 60 
mples of virgin and cultivated soils from 
fferent geographic zones. A definite weighed 
rtion of soil (0.1-0.2 g) was inoculated in a 
tri dish containing Ashby's nitrogen-free 
ar medium (K,HPO,), 0.02%; MgSO,, 0.02% ; 
Cl, 0.02%; K,SO,, 0.01%; mannite, 1.5%; chalk, 
3%; agar-agar, 2%; and distilled water). After 
-16 days of incubation at 26° -28°C, we 
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counted the lumps of soil overgrown with 

yeast colonies and computed their percentage. 
Yeasts belonging to the genus Lipomyces were 
observed in 31 different soil samples; the 
percentage of soil lumps overgrown with 

these microorganisms varied (Table 1). From 
the results of inoculation with such a small 
number of samples it is not yet possible to 
demonstrate any regular pattern in the distribu- 
tion of lipomycetes in different soils, especi- 
ally since many of the samples were cultured 
only once from old air-dried specimens. In 
any event, the smallest numbers of lipomy- 
cetes were observed in samples from northern 
and central Asia. In the remaining samples 
they were encountered in varying numbers 
from different soil environments. 


We isolated a series of pure cultures of 
these microorganisms and studied their mor- 
phological, cultural, and biochemical char- 
acteristics. 


Morphologically, they are either round or 
bluntly oval cells, individual or with a single 
bud. A large drop of fat is located inside the 
cell, and a thick slime capsule surrounds it. 
This slime capsule varies greatly in thickness 
and often exceeds the diameter of the cell by 
several times (Figs. 1, 2). Because of the 
ability of lipomycete cells to form large 
amounts of slime, cultures on agar media have 
a mucoid consistency and flow downwards. 
Cultures grown in liquid media cause a general 
sliming of the latter. 


Thus, the microorganisms studied are 
characterized not only by the formation of fat 
inside the cells, but by the formation of a 
still greater quantity of slime, which is se- 
creted into the outside medium. Lipomycetes 
multiply by budding and by spore formation. 
We observed the process of sporogenesis when 
cultivating these yeasts on a starvation medium 
(water agar). The spores are formed in asci 
with 1-15 spores in each (Fig. 3) A more de- 
tailed description of the morphological and 
cultural characteristics of these lipomycetes 


YE. V. KONONENKO 


Table 1 


Lipomycete content in soils 


Region and site where 


Soil 


Land type 


% of soil lumps 
covered with 


samples were taken lipomycetes 
: Potato field None 
Komi ASSR, Syktyvkar, Gleyed-strongly podzolic 
Troitsko-Pechorsk spricetorese2 oe 


samples 


Komi ASSR, Syktyvkar 


Plowed land 


Very small 


| Sod-gleyed 


Komi ASSR, central port. None 
of Pechora river valley Grassy meadow 
r Alluvial, sod-meadow with various 
Komi ASSR, channel area herbage None 
of Pechora river valley a 
Forest 5-7 
Moscow regions, Dmitrov Plowed land, 2 
district, State Type ped-pogzene ee earae from land 5-7 
Trace No. 93 | in different crops 
Deat“hamuctiterrousi on Perennial grasses to 100 
sedge-forest peat Fallow to 30 
Moscow region, Dmitrov | Peat humus, ferrous Perennial grasses i & 
district carbonate on sedge- 
Hypnum peat Fallow None 
Peat humus Raised virgin soil itil 
Moscow region, Serpuk- é : Meadow 36 
hovidierrict ecnor™ Floodplain soil from Oka | 
alien <enahen EAVES Plowed land 14-36 
Peat bog) cultivated 10 melo 0 
or : MASE) Perennial grasses 95 
Novosibirsk region, Drained virgin 
Ubinskiy district, Ex- 
est Rare iach Dies soil, 0-10 cm 2.5 


perimental Melioration 
Station (UOMS) 


Peat bog 


deep 


Drained virgin 


soil, 15-25 cm None 
deep 
Tula Forest Preserve Gray forest Forest se 
| Plowed land 6 
fetes Strelet- Thick chethosen Virgin steppe 25 
Plowed land 27 
Kursk region Tr -ernozem Plowed land to 2.5 
Western Siberia, Shad- Fertile and leached 
eine Shecnioren Plowed land Nearly 1 
Forest planted 
about 50 to 25 
Stalingrad region, : Years 
Lemeshkin district Ordinary chernozem r 
Steppe-waste- 25 
land | or more 
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YEASTS OF THE GENUS LIPOMYCES 


Table 1 (continued) 


- 
Region and site where : % of soil lumps 
samples were taken Soil Land type covered with 

lipomycetes 
4 
F t pl 
Stalingrad region, Vya- aa 5-10 
SSE ST about 50 years 

zovskiy district, 'Belye |Southern chernozem 

Prudy" sovkhoz Steppe-waste- 5-10 

land % 
Buryat Mongolia, r ah ; ; 

Transbaykal steppes Chernozem Steppe and virg. soil None 

Bane [Dark chestnut, 2 Steppe and virgin 10 J 
samples | soil None 
Buryat Mongolia, Dark chestnut, 2 g 

Bargyzenski basin samples ane None 
Western Kazakhstan 

Dzhanybek ; Dark-colored. 3-year fallow 20 

zal 
[Virgin soil None 
Plowed land _ None —'| 
Western Kazakhstan ca =| 
Dzhanybek ‘i Solonchak solonetz Tosmeniantad= 
mixture of plant High 
residues 
Western Kazakhstan, Virgin soil under 
Land Shala-Kupa Solonchak saltwort and None 
sedge 
Samarkand oasis, Kata : ; Virgin soil None 
Ordinary sierozem t 
Kurgan Long irrigated None 
Samrakand oasis, : F Virgin soil None 
Pepe Light sierozem 
Ziadin Irrigated None 
| Degen sierozem Virgin soil None 
Sierozem-meadow Long irrigated None | 
Bukhara oasis Saline sierozem-meadow | Long irrigated None 
Marshy solonchak, 2 Virgin soil None 
samples 
Bukhara oasis 

U is, sie : 

Khadzhiyap Solonchak, 2 samples Virgin soil None 
Barabinsk lowland Sodium solonchak Virgin soil None % 
Western Turkmenia Takyrs Film of algae None 

; Leached Ciscaucasus , 
Northern Ossetia shernonein Plowed land High 
_| 
Krasnodar subdistrict, Corn field 100 
Goryzcheklyuchevskiy Dark gray 
district Forest 10 
Plowed land 30 
Krasnodar subdistrict, , 
rk parame ai vd Light gray 
Apsheronskiy district See ree 
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Fick: We 


Fig. 2. - Slime capsule around cells. 


Stained preparation. 


Fig. 3. - Spores in sacs. 


is given in our previous work (2). 


In our study of the biochemical character- 
istics of the lipomycetes on synthetic nutrient 
media, the growth and accumulation of a mass 
of cells was very slow, as was the accumula- 
tion of the metabolic products of the cells. 
This not only hampers our study of the physi- 
ological characteristics of the organisms but 
may very well distort our ideas about them. 
The addition of some sort of natural substrate 
might have stimulated their growth. The 
humic substances in soil are such a substrate 
for soil microorganisms. Kudrina (3), on the 
basis of broad data, demonstrated the effect 
of humic acid on a number of soil microorgan- 
isms. This stimulates multiplication in many 
of these and increases the biochemical activity 
of the cells. Similar results were obtained by 
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Rybalkina (7) with Clostridium pasteurianum. 
An experiment was conducted with Ashby's 
liquid medium to verify the effect of humic 
acid on a pure culture of lipomycetes. Accord- 
ing to existing data, the growth of lipomy- 
cetes in Ashby's liquid medium with mannite 
is not as good as it is with glucose. After 40 
days of growth, strain No. 76 produced 10.8 
x 10° cells in 1 ml of nutrient medium with 
mannite, and 27 x 10° cells with glucose. We 
therefore replaced the mannite in Ashby's 
medium to 2% glucose. 


The experiment was carried out in wide- 
bottomed flasks with a capacity of 1,750 ml. 
We poured 100 ml of medium into the flasks, 
forming a layer of almost 2 cm. After stain- 
ing the medium to a brownish-yellow color, 
we inserted 0.05 g of partially dissolved dry 


YEASTS OF THE GENUS LIPOMYCES 


umic acid (Merck) into half of the flasks. 
trains No. 60 and 70 of the lipomycetes were 
sed for the inoculation. One ml of cells 
uspended in water was put into each flask. 

ll flasks were then incubated at 26°C for 69 
ays. During this period a portion of the 
1edium evaporated and an intense sliming of 
ne culture liquid occurred. Sliming was not 
bserved in the control (non-inoculated) flasks. 
t the end of the experiment we brought the 
olume of liquid in all the flasks up to its 
riginal level and dry chalk residue was dis- 
olved with a 10% solution of HCl. Attempts 

> separate the cells from the slimy liquid 
yere unsuccessful. The cells were counted 
wice; 34 and 69 days after inoculation. The 
ata obtained, presented in Table 2, demon- 
trated that the number of cells in a medium 
7ith humic acid was two to three times greater 
han without it. Towzrds the 69th day the 
umber of cells dropped, but this drop was 
ess in the medium that contained the humic 
cid. Microscopic examination revealed that 
aore young cells and fewer deformed and dead 
ells were observed in the media with the 
umic acid. The humic acid added to the nu- 
rient medium stimulated the multiplication of 
he cells and slowed their aging, which, in 
urn, led to a large accumulation of cel! ma- 
erial. 


The data of a chemical analysis testify to 
he significant effect of humic acid on the bio- 
hemical processes in cultures of lipomycetes. 
‘he dry residue of the culture liquid is lower 


than that of the control nutrient medium, and 
is much less with humic acid. The sugar con- 
sumption is greater in the medium containing 
the humic acid, as is the total loss of carbon. 
This is evidence of the more vigorous respira- 
tory process in the presence of humic acid, 

a fact fully in keeping with the morphological 
data pointing to the lower average age of cells 
in these media. 


By comparing the carbon loss in the sugar 
consumed and the total loss of carbon in the 
culture, we can see that not all of the carbon 
is burned to form CO,. A large portion of it 
remains in the culture and is apparently con- 
verted into other, more complex, compounds 
such as fat and slime. This process is found 
to be inversely related to the addition of humic 
acid to the nutrient medium. 


We did not observe nitrogen losses ina 
Single instance. Lipomycetes apparently can- 
not fix atmospheric nitrogen, but these micro- 
organisms may be satisfied with very small 
amounts of nitrogen and at the same time con- 
vert hundreds of times more hydrocarbons. 
This is evidence that the microorganisms 
studied are active participants in the carbon 
cycle in nature. 


One of the compounds formed by the lipo- 
mycetes is the slime, which they secrete into 
the medium. Numerous investigators (1, 5, 
6, 10, 13) are of the opinion that microorgan- 
isms may have an effect on the structural 


Table 2 


The effect of humic acid on pure cultures of slime yeasts 


No. of cells] |. = et 
— Mi. BO md os 
/miofcul- |x |S} S18 |&e | closs, EPS | 8 
: : Flrp e oo Io (oe) 
ture liquid,| -~ | eS|/#ois Zee 7 [ee 
S millions a |S9\/58/"®26o_ g | Ho 
a S |8e le alga lass n | eg 
& Treatments mn n 2 )/OM1S Ble o 3 BS Ni o Zoe 
3 Pm be i Os q|& = OS) 4 “el w Sa 
» a g ale d/2 Sweanmlg al/s 3 o |O0 
ea be a Re ‘a ee 3 &~ |BH & bo 3 OS Sized 
o © A lselgals® 3 Ob 2 a| oa ° ia 
iss 
Con-| Ashby's a — |1.81/0.797/1.90/0.764 —} —| — =29F/0/,000 
trol medium 
nshby emesis ne 
humic acid? — 2.000.874] 2.20]0.88} —} —| —| — 0.00: 
60 Ashby's ned m 2 8.8 |1.6610.719] 1.25) 0.50] 34.2) 0.26/0.078} 70.0 |0.0004 
60 Ss 's medi- 
um + 0.05% rates 
humic acid | 40g | 42.8 |1.50|0.647/ 0.62) 0.25] 71.6) 0.63/0.225) 63.6 0.008 
70 | Ashby's medium] 68 | 16.8 /1.55)0.618] 0.60] 0.24] 68.4/0.52/0.179| 65.6 0.0009 
70 | Ashby's medi- 
0.5 A 
Reg Nee 136 GO) HPC 0 0 | 100/0.88/0.354) 59.7 |0.003 


Content of C in compound of humic acid 50 to 55%; N content 4 to 6%. 
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properties of soil by forming water-stable 
aggregates. In Mishustin's opinion, soil ag- 
gregates formed by the action of bacterial 
slimes, albumins, and the binding force of 
fungal mycelia are less stable than aggre- 
gates formed by the action of humic substances, 
which microorganisms find it hard to break 
down. 


In this experiment we attempted, only ina 
general sense, to investigate the ability of 
lipomycete slime to produce water stable 
aggregates. 


Aggregates 3-5 mm in diameter of a culti- 
vated sod-podzolic soil from State Experiment 
tract No. 93 in Dmitrov district (Moscow re- 
gion) were selected for this experiment. The 
experiment was conducted in the following 
manner: The slime from pure cultures of 
lipomycetes was obtained by cultivating two 
strains for 15 days in Petri dishes containing 
Ashby's agar. Then the slime was removed 
from the surface of the agar and diluted twice 
with water, since it had a rather thick consis- 
tency. The dry residue of this mass amounted 
to 1.71%. Half of the slime was heated at 100° 
C for 40 minutes; this killed all living cells. 
The soil aggregates were saturated with the 
slime by capillary saturation. The bottom of 
a Petri dish was covered with two layers of 
fiberglas on which 3.5 ml of slime was uni- 
formly applied. In this case water alone was 
used for the control. A single layer of thinner 
fiberglas was placed on the slime and 6 g of 
soil aggregates were spread evenly on top. 
Altogether, 30 dishes were prepared, with 
10 dishes of each treatment. The aggregates 
were saturated very quickly by the water and 
considerably more slowly by the slime. The 
dishes were covered and left for two days; 
during this time the aggregates became com- 
pletely saturated with moisture. Koch dishes 
with soil plates from two different soils were 
prepared at the same time. The latter were 
moistened approximately to their minimum 
water capacity. 


The aggregates were completely removed 
from a portion of the dishes saturated with 
water and slime, together with the upper layer 
of fiberglas, and placed on the surface of the 
soil layers without disturbing the aggregates. 
Then the Koch dishes were covered. The 
aggregates remaining in the Petri dishes were 
dried for eight days with covers off at 23°- 
24°C. Then, half of the dry aggregates were 
also transferred to the soil plates. In this 
way 15 treatments, each in two replications, 
were setup. After 69 days the aggregates 
were again transferred from the soil to the 
Petri dishes for drying. Five months after 
the start of the experiment, the aggregates 
were analyzed for water stability by the com- 
bined method of Savvinov and Baksheyey. 

Five grams of aggregates were taken for each 
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analysis. 


The data presented in Table 3 indicate that 
lipomycete slime significantly increases the 
water stability of soil aggregates. The water 
stability of aggregates treated with the slime 
decreases under the action of the soil. This 
is especially marked if the aggregates are 
subjected to the action without drying, after 
saturation with slime. Apparently the slime 
changes its properties during drying and, as 
a result, the soil aggregates acquire a particu- 
lar stability. It also follows from this experi- 
ment that the aggregates acquire water stability 
by the action of the slime secreted by the cells 
into the outside medium, and not by the action 
of the living cells. 


Conclusions 


1. Yeasts of the genus Lipomyces occur 
widely in the soils of the Soviet Union. 


2. They are capable of growing on nutrient 
media containing insignificant amounts of 
nitrogen, but they cannot fix nitrogen. 


3. The amount of carbon which the lipo- 
mycetes can assimilate from the hydrocarbons 
of the nutrient medium is hundreds of times 
greater than the amount of nitrogen. A portion 
of the hydrocarbons is used in respiration, 
while the other, larger, portion is converted 
into more complex compounds, such as fat 
and slime. 


4, Addition of humic acid to the nutrient 
medium activates the biochemical processes 
in the cells. In addition, the processes of 
multiplication, sugar consumption, and respir- 
ation are stimulated while cell aging is re- 
tarded. The conversion of sugar to the more 
complex hydrocarbons — fats and slimes — is 
also slowed. 


5. Lipomycetes can affect the structural 
properties of a soil, since their slime in- 
creases the water stability of the soil aggre- 
gates. 


6. In view of all we have said previously, 
we consider yeasts of the genus Lipomyces 
to be typical soil microorganisms and active 
participants in the carbon cycle in the soil. 


Received February 4, 1958 
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Table 3 


The effect of lipomycete slime on the water stability of aggregates, in percentage 
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Aggregates 
Fo EES AS | Saturated with lipo- |Saturated with slime 
mycete slime __jof dead lipomycetes 
Treatments 
Aggregate diameter, mm 
>3 |8—1}/1—0.25] <0.25] >3 | 8-1 |1—0.25]<0.25] >3 | 3—4 |1—0.25]<0.25 
Aggregates dried on 
fiberglas 2.8]7.7| 30.9] 58.6/63.8/13.7| 10.3] 12.2|58.9]21.7]/ 11.2] 8.2 
After pre- | | | | | | | 
Sod liminary | | | | | 
pod-| drying 4.5/7.0; 36.3) 52.2/29.2)18 3) 26.7) 25.8/22.4/21.4; 30.3 25.9 
zol- 
6 : 
’ Not dried (3.96 .7} 31.2] 58.2} 6.4/10.0) 38.2] 45.4]10.7|/20.5] 48.4 | 20.4 
After pre- | | | | 
liminary | | | | | 
drying 4.96.6 35.0 53.5 35, 9/16 .2| 24.9) 23.0! 24.9)17.7) 34.2 Wb 2 
ST TIEN ne a ca pe 
| ‘ 
Not dried DMA 43.4 
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THE EVOLUTION OF SOLODS 


B. P. AKHTYRTSEV and B. T. DZHEGERIS, Voronezh State University 


The genesis of solods is explained in suf- 
ficient detail in the works of numerous authors. 
Their further evolution, however, has received 
little study up until now. A few notes on this 
problem were made by Kolesov (3) who con- 
siders that "the sod-forming process, develop- 
ing in a solod in a pure plantation and with 
slight marshiness, leads to the formation of 
a meadow-type soil, and may lead further to 
the development of a steppe or a bog" (p. 22). 
Gorshenin (2) notes that the sod-forming proc- 
ess in solodized soils may be manifested to 
varying degrees, so that we have the dark 
gray, gray and light gray sod-solodized soils. 


To clarify the evolution of solods, it is 
quite useful to study the aspen scrub of Khren- 
ovoye district in Voronezh region. T.I. Popov 
(5) was the first to note the penetration of oak 
and associated species into the aspen scrub. 
According to Popov, aspen-oak and oak depres- 
sion scrub are the final stage in the evolution 
of solodized depressions. The drainage of 
the interfluve plays an important role in this 
evolution. These ideas received support ina 
work by F.N. Mil'kov (4). It is evident that 
the invasion of the tree species mentioned by 
Mil'kov into the aspen brush is closely related 
to a change in the growth conditions of the soil 
as well as to increased drainage of the area 
with a consequent drop in the water table. 


We have made a study of aspen-scrub soils 
and attempted to explain the evolution of 
solods under the conditions of the southern 
Oka-Don lowland. 


Near the town of Khrenovoye in Voronezh 
region, tracts of land were selected for study 
where aspen and aspen-elm brush is mixed 
with open solodized forest clearings, 


The soil of the forest clearings consists 
of crusty carbonate solonetzes; that under the 
scrub consists of solods and solodized soils. 
Loess-like clay is the soil-forming parent 
material. 
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Field studies showed that the soil in the 
forest stands depended closely on the tree 
species present, their age, and their density. 
Solods have formed in dense pure aspen stands. 
Aspen stands with an admixture of broadleaf 
species are usually older, thinner, and have a 
well-developed grass cover. These stands 
have gray solodized (forest-type) soils, with 
less solodization as the percentage of broad- 
leaf species increases. 


Morphological field observations as well 
as laboratory analyses indicate that the gen- 
etic predecessors of the scrub soils were 
crusty carbonate solonetzes similar to those 
which now cover the numerous forest clear- 
ings with brush. We may assume that this 
change of species in the aspen stands results 
in the evolution of solods into gray solodized, 
and later into dark gray, slightly solodized 
(forest-type) soils. In our opinion, this 
assumption is supported by the data cited here. 


Soils ranging from solods to dark gray, 
slightly solodized soils with intergradations, 
were observed under the aspen and mixed 
brush in the area investigated. Samples of 
the genetic horizons from four profiles lo- 
cated under three different forest stands and 
in a clearing surrounded by scrub were taken 
for chemical and physical-chemical analyses. 


Profile 1; Located in an open clearing. The 
soil is a crusty carbonate solonetz-solonchak, 
effervescing from 10% HCl at a depth of 8 cm; 
thickness of the A + B, horizon is 10 cm. 


Profile 2: Located 100 m west of the first 
profile in the center of a pure aspen stand; the 
soil is solod. Morphologically it shows a 
clearly defined A, horizon 11 cm thick and 
relict indications of a columnar horizon. 
These show that the genetic predecessor of 
the solod was a crusty solonetz. Over the A, 
horizon we distinguish a sod horizon 3-4 cm 
thick. Effervescence depth is 140 cm; the 
depth of the depression is 85 cm; and the 
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ater table is 2.82 m1 deep. 


Profile 3: Located 70 m south of Profile 1 
1 the center of a second stand (of aspen and 
im), in a portion with almost 30% stand of 
‘ees. The soil is gray, solodized, and is 
iso characterized by an A, horizon 14 cm 
lick that is gray with a whitish tinge. The 
rructure is blocky-platy with a granular ad- 
lixture. The B, horizon is much darker than 
le A,, Shiny, and sticky; effervescence depth 
3 157 cm; the depression is 73 cm deep; and 
1e water table is 3.58 m deep. 


Profile 4: Located 250 m southeast of 
rofile I in the center of a third stand. This 
fand is thinner with aspen (45%), elm (40%), 
ild Norway maple, and wild pear. There is 
well-developed cover of grass. The soil is 
ark gray, slightly solodized (forest-type). 
he A, horizon is absent, but the lower portion 
f the A horizon has numerous small whitish 
atches; the structure here is coarser and be- 
yngs to the granular-nutty type. This portion 
f the horizon may be distinguished as a A,B 
orizon. The depth of effervescence from 10% 
Cl is 198 cm; the depth of the depression 
; 97 cm; and the water table is 4.11 m deep. 


In the B horizon a luster has been retained 
n the faces of the blocky-prismatic units as 
ell as a stickiness. 


When we analyze the morphological indica- 
yrs, a gradual increase in the thickness of 
1e humus horizon and a decrease of salinity 
1 the B horizon become apparent as we go 
‘om a solod to the dark gray, slightly solod- 
fed soil. The structure changes from silty- 
laty in the solod to silty-granular in the A 
orizon of dark gray, slightly solodized soil. 
he signs of solodization, which are well-de- 
ned in the solod, gradually disappear in the 
dils of the aspen-elm scrub. 


Crusty carbonate solonetzes, similar to 
1ose found in the numerous open clearings in 
le aspen scrub, apparently were the progeni- 
rs of these soils. This is supported by the 
resence of relict indications of solonetz in 
ie solod and gray solodized soils, i.e. by 
le presence of a relict columnar illuvial 
»rizon, by the identical textural profiles of all 
.e soils (Table 1), by the presence of adsorbed 
odium as one of the exchangeable cations and 
ie high absolute and relative magnesium con- 
nt, and by the distribution of the exchange- 
le cations over the profile of the soils in 
1estion (Table 4). All of these relict solonetz 
dicators have been distinctly retained in the 
slod, but in the gray soiodized (forest-type) 
yils they are gradually obliterated as the sod 


1The water table was determined from boring data 
r September 18, 1958. 
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forms. However, if we compare the whole 
series of soils, they can be clearly detected. 


K. K. Gedroyts (1) pointed out that solodiza- 
tion is less vigorous in carbonate solonetzes 
and that the calcium in the soil solution gradu- 
ally displaces the adsorbed sodium, thereby 
gradually transforming the adsorption complex 
of the solonetz from a state of partial or total 
sodium saturation to that of calcium saturation. 
In solodization the carbonate solonetzes lose 
chiefly the organic portion of the adsorption 
complex, while the mineral portion is com- 
paratively less affected. Under these condi- 
tions it is obvious that after the solodization 
stage is completed in the solonetz, the adsorp- 
tion complex will not be completely destroyed 
since sod development can restore the organic 
portion of the adsorption complex and this will 
be saturated with calcium. Our physical- 
chemical and chemical analyses support these 
assumptions. 


The results of the particle-size analysis 
(Table 1) indicate that all the soils belong to 
the clayey silty-clay group. The upper portion 
of the solonetz profile is markedly deficient in 
the clay fraction while there is a relative in- 
crease here in sand and silt particles. The 
number of clay particles doubles in the illuvial 
horizon from 20-30 cm. The clay fraction of 
the eluvial horizon (from 20-30 cm in the 
solod) was further reduced during solodization, 
i.e. the highly dispersed minerals were com- 
posed also in the upper portion of the illuvial 
horizon of the former solonetz. A secondary 
accumulation of clay particles is noted during 
the evolution of the solods because of recent 
sod-formation in the upper 20-cm soil layer. 
This secondary accumulation is shown particu- 
larly well if we examine the data for particle- 
size analyses of a solod, a gray solodized, and 
a dark gray, slightly solodized soil. 


The data from a water-extract analysis are 
presented in Table 2. These data show that a 
crusty solonetz-solonchak has a high content 
of water-soluble salts. The maximum con- 
centration of these salts is found at a depth 
of 20-50 cm. The NaHCO, distinctly predom- 
inates throughout the entire profile (to 120 cm); 
the other salts are less important. Solodiza- 
tion of the solonetzes led to a marked decrease 
in the content of water-soluble salts. It should 
be noted that there is some increase of salts 
in the top 5-cm layer of the solod and solodized 
soils. This is explained by an accumulation of 
water-soluble substances because of mineral- 
ization of forest litter. 


The amount of solid residue in the solod and 
solodized soils is slight and indicates their 
complete desalinization. Their salt composi- 
tion is approximately identical. The organic 
portion of the soil undergoes the most substan- 
tial changes during the evolution of solods. As 
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Table 1 


Particle-size analysis by the pipette method, percent of dry weight 


Solu- Particle diameter, mm 
tion j 
Cc 5 ze, ae p= 
Poul ep CHAN oaneln os | ante Ee Be OB ie oakt 0004-1, <0.0h, |asd.oe 
| ; | ; 

Crusty solo- 0—10 | 1.77 |°2.48 127.31 | 29.19) 9°60 | 10-12 1:21.30) 41.021 03.03 
netz D030 97 BFS 30°95 95 1 28°62 10.72 | 7295143. 45 62.13 por eem 
LQSI5O V5 OTs 22"110.05 123.76) 7.63 Ole. 4116 oo) aa 
70—80-1°7 9210 07°24 .20 | 13.15 | 6.52 | 10.421 38.641 55.58 | 44, 42 
1440—120 |19.64 | 4.80 113.69 | 14.62! 8.89 | 11.95. 46.14 / 66.99 | 33.01 
Solod f 25 S10 120 2481"8).70 | 38257 9.86 tl Co: 15, 98.37 anoles 
LP 5210 7/1 8410 .09M 11 14 134597112758 143.29" 18.311 44.18 556m 
| 20—30 | 2.84 143.07 110.90 | 25.541! 7.84 | 11.58; 31.071 50.49 | 49. 51 
| 40—50 | 2.46 110.09 [12.13 | 22.77| 8.05 | 8.00 38.93) 55.01 | 44.49 
70—80 | 2.86 | 8.85 | 7.48 (23.971 7.56 | 9.85! 42.29' 59.70: 40.30 
1140—120 | 3.75 | 6.19 (24.16 | 10.16; 7.47 | 10.04 44.98 | 62. 49 | 37.51 
Gray solodized 9 5 | 3.93 | 7.48 12.66 36.64'12.93 | 14.12! 16.12, 43.22!56.7 
5—10 | 41.69 | 7.87 | 9.20° 731.7642 66 219994) 24.67 5177148 aay 
20—30 | 2.44°13.28 120.24 | 48.79! 6.43 | 10.82 | 30.44 | 47.694 52731 
40—50 | 2.34 | 9.56 112.20 | 20.54) 6.64 | 10.28! 40.78 | 57.701 42.30 
70—80 | 2.07 | 7.69 110.34 | 24.74) 6.57 | 8.99| 41.67 57.23 42.77 

Dark gray 2a Ser tS 44 18 6 57°) 28 15a toe ae 54.10: 4 

solodized 5—40 | 3.57 | 8.22 | 8.61 | 27.09:10.40 115.7012 As 

20—80 4) 3.264|'8.95) 144.62 | 21.97) 8.77 (14.73 '3 A 

40—50 | 2.58 ' 9.49 | 9.74 | 24.69 10.46 | 11.03 4 

70—80 | 1.76 (10.80 15.45 | 14.94) 7.59 , 11.€9 4 

| ait 140—120 | 2.58 10.01 | 8.54 20.08' 9.66 18.47 41 3 


Table 2 


Composition of the water extract 


Solid | Dried | ] Nat by| Tota 
F Depth, Resi- Resi- HCO, | Clas sO; Caer Mg differ- Sa 
Soil an due | due | | ence | tions 
% meq/100 g of absolutely dry soil 
Crusty ONO ORCI Oates H Gaes) Waa) Oats} OAa8) . Oils | 3.20 | 3.92 
solonetz PAO SIO) PAO) SUS IG UO OA, SL ss ay OE 08) 
144050 yh o2022 sh pdeS30u 19. 220° O04 jb Ouedet ede 2opmineO) OeeeGuo Sais 
1080 igi O. SSC uO S028 13a OL doe Omaha Ope linens co milatinsG 8.42 
| 440—120 | 0.453 ole.0.284. 1.6.76 | 0.13.1 043. 1.0. 98 OLN ee op P02 
Solod (> 0225)" 180.4699)" 010860 4.408! Onis TeOeTs ROMEO SO Oreos 
| 5—10" | 01565 OL044 90.52 | 0.08 1908) O.24cMOni2al 0242 Oeas 
20-30 f) Ont8407-90.073:10.52 | 0.44%) 0.09.1 Ov24en Ovi 2a Oe sommOnTa 
| 40—50" 10.4401 0,026 010.73 | 0.0511 Ond3 0249 == |i On4a2 1 eo ONSL 
1 10 S0 Rr OMA OL 034s OF G3TROROS MOMS amOA (Ge aise Om OME ORO 
iO ==1120) 10 185. 94000042; |.0. 950 OO4eleOs14. 9 0.74 = eee abouts 
Gray solo- | 2-5 08370 14 .0::070: 4.05 : 0.02 | 0.63 0.86 - 0.12 | 0.72 Ae TAO) 
dized 10 E220 | OOS Oat O08 OP  O4S) OO — 170 
ie 2030 O8 2608) "O “0 62 | OOS terDis27 a0 MA 2EIO ae — ORT 
40—50 OPZ0 IOUS TAO -73 1004 MOM Sah Si ORSGamOz06 0.91 
De =a) 0.190) 0.415 0.835 — ONOO ORAM RO TSO we ORO 0.92 
Dark gray | 2—5 Once | Og s Ais Oeil W200i 4h, 25 — 0.39 eZ 
solodized*!""5=[10 °F 0. 219790 099 | 0.94 , OAL Oo OSta a 0.49 Hee 2 
2 0==30) DEAS OKI Oe, OO O23 O546 O88 \ Oo AOR 
40—50 O2149" (OMO440.73° 10202 O23 NOR49 BOOS OMSe SOR9S 
70—80 Oza OOS) Ose | O08.) O09 O63 O12 — | 0.74 
£10120) 05477 (0. 06 9nied .23° O06 MOF 1S A OLDS NODA ONO Tans maa s 
ai “f 
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THE EVOLUTION OF SOLODS 


Table 3 


Organic material content in the soils 


Soil 


Content of 
water solubl 
humus (Ku- 
bel'-Timon 
method), % 


Crusty O10 Be 
solonetz 20—30 ZZ 
40—50 1.93 
i080 Os 7 
10190 0.68 ; 
Solod ts 23.90 0.157 
510 2.42 0.054 
20—30 3.06 0.040 
40—50 27 0.040 
70—80 0.74 0.03% 
141022790 0.63 0.034 
Gray solo- 2—5 15.33 0.128 
dized 5—10 ODO M065 
20—30 3.03 0.046 
40—59 4.90 0.045 
70—80 0.87 0.044 
Dark gray 2—5 14.95 0.086 
solodized Beet) 9.46 0.071 
2030 6.418 0.049 
40—50 3.87 0.048 
70—80 1.73 0.042 
110 — 120 0.73 0.037 


seen in Table 3, solonetzes and solods have 
mly small quantities of humus. 


The humus content in the illuvial horizon 
yas increased somewhat by leaching from the 
ipper layer in solodization. 


The high humus content in the 0-5 cm layer 
f the solod is explained by the fact that this 
ayer is the sod as well as the lower portion of 
he forest-litter horizon. It is obvious that 
he litter of aspen scrub is an important 
source of humus in the soils. In the soils of 
spen-elm scrub, sod-formation is well ad- 
anced and humus gradually accumulates, 
yeginning in the A, horizon and later in the A, 
ind B, horizons. The total humus content in 
lark gray, slightly solodized soils increased 
sharply over the entire profile down to the B, 
iorizon. 


The sodium in the adsorption complex has 
n important effect on the content of water- 
‘oluble humus. For this reason a high content 
f water-soluble humus is observed in a sol- 
metz having a low total humus content. The 
content of water-soluble humus decreases 
harply in solod and exchangeable sodium 
isappears almost completely, although the 
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ater sol-Total nitra\Hydrolyzed Hydro. 


Lie 

Bal 

Gee 

Tee 

oF 

0.65 1 SEO) 0.021 1.80 
DANG) 0.129 0.010 8.14 
1,30 0.149 0.006 3.93 
Boule 0.058 0.005 8.96 
4 59 0.046 0.001 Dee 
a) 

0.83 0.731 0.011 1G 
At Ala 07232 0.007 Pee 
deo) O) SEAS 0.005 Deal 
DOK 0.101 0.004 3.96 
WeG ll 0,059 0.003 ij ,25 
OR5in OPmet 0.011 ‘LS 
Cane 0.499 Q .0U9 SE 
0.79 OS 27 0.006 QESa 
| oat 0.17! 0.00% 2 Bll 
DD 0.100 0.003 2,60 
SOy 


total humus content is approximately the same 
as ina solonetz. The quantity of water-soluble 
humus increases in solodized soils, not be- 
cause of the increased availability of the humus, 
but because of the total accumulation of humus. 
The contents of water-soluble humus expressed 
as percents of total humus indicate that the 
availability of humus decreases faster as the 
process of solodization proceeds. Total nitro- 
gen content behaves ina similar manner. The 
relative content of hydrolyzed nitrogen in- 
creases significantly in solod and decreases in 
solodized soils. 


Thus, because of the development of the 
sod-forming process in soils under aspen-elm 
scrub, humus and nitrogen accumulate but be- 
come less available. This process begins at 
the top and gradually spreads downward, so 
that the solodized horizon takes on a gray, 
and later a dark gray coloring. The distribu- 
tion of humus throughout the profile becomes 
more even as soil formation proceeds. Ifa 
particular increase in the humus content is 
observed in a solod at a depth of 20-30 cm as 
compared with the solodized horizon, then 
this disproportion in its distribution becomes 
even in the gray solodized soil by the accumu- 
lation of humus. A dark gray, slightly solodized 
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soil resembles the dark gray forest soils of 
broadleaf forests in amount of humus and its 
distribution throughout the profile. But in con- 
trast to the dark gray forest soils, the humus 
of soils of aspen-elm scrub is less saturated 
with calcium. 


A physical-chemical analysis of our soils 
supports the conclusion of Gedroyts about the 
solodization of carbonate solonetzes and per- 
mits the variation in the amount and composi- 
tion of the adsorbed cations to be detected 
during the solodization of solonetzes and the 
evolution of solods as they occur in the south- 
ern Oka-Don lowland. The adsorbed cations 
were determined after Gedroyts by displacing 
with 1 N ammonium acetate; the sum of Ca + 
Mg and Ca was titrated with trilon; Mg was 
determined by difference. The composition 
of the adsorbed cations in effervescent samples 
was determined by Shmuk's method. Water- 
soluble Ca and Mg also enter into the composi- 
tion of the adsorbed calcium and magnesium. 
Exchangeable Na was determined in weighed 
samples washed from the water-soluble salts 
with 50% alcohol. The data obtained are shown 
in Table 4. 


A crusty solonetz is characterized by a 
comparatively small adsorption capacity in 
the eluvial horizon. This capacity increases 
noticeably in the illuvial horizon. Nat*, which 
is at maximum concentration from 20-50 cm, 
is the predominant exchangeable cation. 


The cation ratio throughout the profile of a 
solonetz is not the same; but in all genetic 
horizons, with the exception of the 0-10 cm 
layer, the relative sodium content is highest. 
A high content of exchangeable magnesium is 
also characteristic. The relative role of Catt 
begins to increase in the parent material as 
the content of adsorbed magnesium decreases. 


Solodization completely removes exchange- 
able sodium from the adsorption complex of 
the A, and A, horizons, and the absolute 
amount of sodium in the rest of the profile 
decreases sharply. At the same time, Catt, 
which becomes noticeably more important 
throughout the entire profile, is introduced 
into the adsorption complex. The smallest 
adsorption capacity and minimum amount 
of exchangeable calcium are noted in the 
A, horizon. This agrees completely with 
the content of humus and clay particles 
here. Exchangeable calcium throughout the 
profile of a solod may be ascribed to min- 
eralization of the forest litter and to the 
periodic rise of hard ground water into the 
soil profile. In addition to calcium, solod- 
ization also introduces into the adsorption 
complex exchangeable hydrogen, which de- 
creases in concentration evenly with depth. 
The corresponding role of exchangeable hy- 
drogen is especially noticeable in the solod- 
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ized horizon. 


As soil formation proceeds under aspen- 
elm scrub an increased accumulation of ad- 
sorbed calcium is especially marked in the 
upper portion of the soil profile. This is 
easily detected by comparing the results 
of physical-chemical analyses of solods 
and solodized soils for 5-10, 20-30, and 
40-50 cm depths. 


Exchangeable sodium disappears from 
the adsorption complex of solodized soils 
throughout almost the entire profile, while 
the content of exchangeable hydrogen de- 
creases regularly. These changes are 
also observed in a ratio of hydrolytic 
acidity. Because of the accumulation of 
exchangeable calcium and magnesium and 
the decrease of hydrolytic acidity, a 
gradual increase in the base saturation 
of solodized soils is observed. Minimum 
saturation is noted in the A, horizon, 


Conclusions 


1. The solods formed from crusty car- 
bonate solonetzes in the southern Oka-Don 
lowland develop according to the following 
scheme: solod—gray solodized soil—dark 
gray solodized soil. The evolution of the 
solods in this direction is closely connected 
with the invasion of broadleaf trees into the 
aspen scrub, their thinning, and the develop- 
ment of grass in the scrub. Increased local 
drainage and a lower water table play an im- 
portant role in the evolution of the solods. 


2. The evolution of solods under aspen- 
elm scrub is accompanied by the following: 


a) an increase in the thickness of the 
humic-accumulative horizon and the gradual 
improvement of its structure; 


b) a secondary accumulation of clay in 
the elluvial horizon because of the rapid 
recent development of sod; 


c) an accumulation of humus and nitrogen 
but a decrease in their availability, initially 
in the upper layer of the soil and later in 
the remainder of the soil profile; 


d) a saturation of the adsorption complex 
with exchangeable calcium, a decrease in 
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hydrolytic acidity, and an increase in the base 


saturation of the soils. 


Received August 4, 1958 
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DISCUS 


SION 


OMMENTS ON THE ARTICLE BY YE. N. IVANOVA 
ND N.N. ROZOV, “STAGE AND DEVELOPMENT 
F THE CLASSIFICATION PROBLEM IN SOIL SCIENCE ’” 


Ss. SMETANIN 


The authors of the article assert that ''two 
proaches to the various problems of soil 
ience have been developed — the morphologi- 
l-physicochemical approach and the genetic 
proach.'' We assume that the genesis and 
assification of soils has always been based on 
study of the morphological, physical, chemi- 
1, and physicochemical properties of soils and 
their development in time and space. There- 
re, emphasizing the fact that ''in solving the 
il classification problem the only correct 
proach for purposes of generalization is the 
netic approach," is superfluous from our point 
view. At the present stage of development of 
il science no one will deny the vast impor- 
nce attached to the morphological features of 
ils, and the need for a close study of all the 
operties of soil profiles for resolving prob- 
ms in the genetic classification of soils. 


Several problems in the soil classification of 
nskaya Oblast’ are inaccurately set forth in 

2 article. These were adopted by soil scien- 
ts of the Oblast' Administration for Agricul- 
re and given our personal attention. 


In the classification by the soil scientists of 
askaya Oblast’ Agricultural Administration 

> peat-podzolic soils have been separated 

ym the podzolic soils not as a special group, 
the authors of the article write, but as a soil 
bgroup of the podzolic group. 


The carbonate chernozems in the systematics 
Omskaya Oblast’ Agricultural Administration 
re never differentiated ''as an independent 

il group'' but were regarded only as one of 

» chernozem subgroups. Presently, relative 
introducing into the taxonomic subdivision 
stem the concept of soil genus, we must 
nsider the carbonate chernozems as a special 
nus in the subgroup of ordinary chernozems, 
veloped on tertiary carbonate clay. 


Pochvovedeniye 1958, No, 10. 


According to data obtained from the authors of the 
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Regarding the assertion by the authors of the 
article that ''solonetzic chernozems and solo- 
dized chernozems are under special solonetz 
and solodi soil groups, '’ we must point out that 
in the Omsk systematics soils with a varying 
degree of solonetzization (one subgroup) and 
various solonetzes (another subgroup) belong 
to the category of the solonetzic-saliferous soil 
group but not, in our opinion, the solonetzic 
chernozems. Soils with a varying degree of 
solodization belong to the solodi group, includ- 
ing the solodi, but not the solodized chernozems 
which Omsk soil scientists do not find in the 
Oblast’. They even consider that the possibility 
of soil solodization must be ruled out under the 
physicogeographical conditions required for the 
formation of chernozems. On the other hand, 
we do note the sod processes or the "cherno- 
zemnification" of solodi and solodized soils; in 
this case the soils receive appropriate designa- 
tions, for example, dark-gray slightly solodized, 
gray solodized or sod-covered solodi. 


By incorporating into the chernozem group 
the solodized and solonetzic soils, many that 
are lower in fertility than several solonetzes, 
we form a group of chernozem soils so broad, 
indistinct and indefinite, that the group cannot 
be kept within the definition of ''soil group" as 
given by the First Plenum of the Joint Committee 
on the Nomenclature, Systematics and Classfi- 
cation of Soils, Academy of Sciences, USSR 
(Pochvovedeniye, 1957, No. 8). We know which 
soils are differentiated in the Oblasts adjoining 
the Omskaya Oblast', e.g., the Tyumenskaya 
and Kurganskaya Oblasts, designated as ''solo- 
dized and solonetzic chernozems"; we know how 
removed these soils are from chernozems in 
their properties, fertility and agricultural use, 
and thus we are constantly on guard against 
committing the grave error of incorporating 


article, Ye.N. Ivanova and N.N. Rozoy, the classifi-— 
cation and soil nomenclature scheme of the Omskaya 

Oblast! sent to them had not been adequately or care- 
fully formally constructed; as a result the taxonomic 

coordinations had been violated. Editor. 


—_— ee 
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the solonetzic and solodized soils into the cher- 
nozem group. The Joint Committee should turn 
to this problem and arrive at a different decision. 


The meadow-chernozems like the cherno- 
zem-meadow soils are in the Omskaya Oblast' 
systematics, a subgroup within the independent 
group of sod-meadow soils. 


In overcoming the existing discrepancies in 
classification and nomenclature problems, at 
the present stage of development, it is most 
important to establish unity in views and con- 
cepts, first, among soil scientists of vast 
physico-geographical regions, such as the West- 
ern-Siberian lowland, the Urals, etc. Next, we 
should agree upon and coordinate the local clas- 
sifications among adjoining regions and also 
continue those fruitful generalization activities 
in soil classification on an All-Union scale as 
listed in the article. 


We assume that the time is ripe to summon 
conferences of soil scientists representing the 
separate regions, similar to earlier meetings 
in the Urals which were extremely useful at that 
time. 


One great shortcoming is the absence not 
only of a single soil classification but also of a 
single representation of the structure of soil 
profiles and of the morphologic-physicochemical 
properties of even those soil subgroups and 
genera that are universally recognized. For 
example, some soil scientists refer to the very 
same soil as southern chernozem, while other 
soil scientists call it dark chestnut soil; the 
same soil profile is described by some soil 
scientists as sod-podzolic while others refer to 
it as gray (or light-gray) forest soil. Particu- 
larly great are the differences in the concept of 
subgroups and genera of soils that are transi- 
tional between groups. 


The differences in the concept of the nature 
of soil subgroups and genera observed even 
among leading soil scientists, prevent evolving 
a single universally acknowledged soil classifi- 
cation. We consider as the most urgent and 
important task of the Joint Committee to devise 
a diagnostics of soils, a classification that will 
be universally recognized, and to publish this 
diagnostics for universal consideration as soon 
as possible, and approve it as a compulsory stan- 
dard to be followed by all soil scientists. 


In working out a soil diagnostics, we must 
employ the method of soil monoliths extensively. 
Members of the Joint Committee should select 
the soil profile in the field typical for one or 
another group, subgroup and genus, take the 
monoliths from such a jointly studied profile 
number, produce color photographs or sketches 
of the monoliths and send them to higher insti- 
tutes of learning and scientific institutions. The 
soil horizon samples taken at the same time as 
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the monoliths should be carefully analyzed in 
order that the characteristics of the physico- 
chemical and agronomic properties of the stand 
ard monolith will be given together with a pictu 
of its morphological structure. By thus formu- 
lating standards and extensively propagating 
common obligatory diagnostics, we can quickly 
eliminate differences of opinion. 


Another urgent and important task of the 
Joint Committee establishing intragroup subdi- 
visions for each soil group is to establish the 
necessary subgroup genera, species and other 
classification divisions along with diagnostics 
of each of them. The urgency and importance 
of this work stems from the fact that only after 
an accurate uniform intragroup division can we 
approach a rational scientifically basic agri- 
cultural production classification of soils —a 
job most essential to production. The V.V. 
Dokuchayev Soil Institute, Academy of Sciences 
USSR should direct this work. 


The need of establishing agricultural produc- 
tivity regional classifications of soils comes 
from the fact that even the most perfect genetic 
classification cannot properly reflect the 
practicable and most expedient means of using 
and improving soils. For example, in the 
genetic soil classification, crust-like, shallow 
columnar, medium columnar and deeply colum- 
nar solonetzes fall into the solonetz group. 
From all of them it is evident that in fertility, 
methods of use and principal means for improve 
ment the deeply columnar solonetzes resemble 
chernozems and can be united with them into 
one agricultural productivity group, whereas 
the crust-like and shallow columnar solonetzes, 
by necessity, fall into other agricultural pro- 
ductivity groups. 


We shall allow ourselves to make several 
remarks concerning the soil systematics 
schemes published in the report by Ye.N. Iva- 
nova and N.N. Rozov. 


As to whether the principal general can be 
found within all the differentiated subgroups is 
not clear from Tables 1 and 2. 


Despite the fact that most members of the 
Joint Committee decided to differentiate the 
podzolic-bog, sod-gley (taiga forest) gray fores 
gley, meadow-chernozem and meadow-chestnut 
soils as special independent soil groups, such @ 
differentiation seems to us to have little basis. 
These are transitional soil groups; they should 
be regarded as subgroups just as the podzolic 
chernozems are considered as an intermediate 
(transitional) subgroup between chernozems an¢ 
gray forest soils. 


- If we divide the bog soils into groups, we 
should distinguish among them not two, but at 
least three groups: 1. Upland bog soils; 2. 
Lowland bog soils of interfluves; and 3. Lowlan 
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d plain bog soils. The latter must be divided 


/a special group, because their genesis, 
amics, properties, agricultural uses and 
hods for improving them differ from the bog 
s of the interfluves. When we differentiate 
sroups of bog soils we must indicate the 
kness and character of the peat deposit; 
srwise, there is no basis for dividing the 
mentioned subgroups within the lowland bog 
group. 


We should exciude within the gray forest soil 
up the genera of residual-podzolic and sec- 
ary-podzolized soils. These add an indefi- 
or undetermined character to this group 
are responsible for the merging of gray 

st soils with the sod-podzolic. There is 

y little justification for dividing these soils. 


dala 


Within the chernozem group, by preserving 
all the differentiated subgroups, we should 
exclude the genera: residual-podzolic, residual- 
solodi, residual-solonetzic and solonetzic. Then 
the chernozem group of soils will be specific. 


If the meadow-chernozem soils are to be 
regarded some day as a special independent 
group or aS a Subgroup, in either case we 
should exclude from this group the genera: 
solodi, solonetzic and solonchak-like, as in the 
case of chernozems. 


It is hoped that our remarks, based on many 
years' experience with large-scale mapping of 
soils, will become a subject of discussion and 
that they will bring forth comments, particu- 
larly from soil scientists and managers. 


EEE 


METHODS 
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MOLYBDENUM IN SOILS, COTTON PLANTS, IRRIGATION AND 
GROUND WATERS OF THE GOLODNAYA STEPPE 


YE. K. KRUGLOVA, Tashkent Central Asian Polytechnics Institute 


In connection with the resolution by the 
Party and the Government ''on irrigation and 
cultivation of virgin-lands of the Golodnaya 
steppe, Uzbek SSR, for increasing cotton pro- 
duction" there arises a problem regarding the 
chemical study of soils designated for cultiva- 
tion. To expose fully the potential soil fertil- 
ity contents of Golodnaya steppe, we must 
study the total content and forms of the micro- 
elements in these soils. 


This report discusses the results of study- 
ing molybdenum distribution in soils of Golod- 
naya steppe, cultivated to varying degrees, in 
cotton plants grown on them, and in irrigation 
and ground waters. 


An important physiological and biochemical 
role of molybdenum has been established from 
investigations of Bobko (1), Vinogradova (3), 
and Drobkov (7). It has been noted that molyb- 
denum is of particular importance for legumes. 
The great importance of molybdenum for the 
synthesis of albuminous substances in plants, 
particularly for the process of reducing nitrate 
nitrogen has been demonstrated; the positive 
effect of molybdenum on the activity of Azoto- 
bacter and on the yield of a number of crops 
(12, 13,19, etc.), has been established. 


The first information on molybdenum in soils 
was fragmentary and made it impossible to re- 
veal the distribution patterns, molybdenum ac- 
cumulation and migration in soils. 


The first systematic studies of molybdenum 
in soils were made by Vinogradov and Vino- 
gradova (5), who studied the profiles of all 
zonal soils of the Russian plain. From their 
data the molybdenum content in the soils varies 
between 1.5 x 10°4% and 1.2 x 1073% and is, on 
an average, equal to 2.6 x 10-4%. It was noted 
that the upper humus horizon was enriched by 
molybdenum. 


Robinson and Alexander (26) report that the 
average molybdenum content in soils, computed 
by them as based on 237 soil analyses of Argen- 
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tina, 53 soil analyses of the Russian plains, 
and on 500 soil analyses of U.S.A., North 
Africa, Alaska, and Australia was equal to 
PAB oe MORPH. 


P. V. Madanoy and Ivanova (11) determined 
the total molybdenum content in the profiles 
of soils typical of the Volzhsko-Kamskaya 
Steppe. It varies between 2 x 10-*% and 6 x 
10-*%, where the maximum molybdenum con- 
tent occurs on the A Horizon, while the mini- 
mum molybdenum content occurs in the parent 
material. Rudin and Shcherbakova (16) found 
that there is, on an average, 2.46 x 10-*% 
molybdenum in the dark-chestnut soils of the 
Stavropol'skiy Kray and 1.7 x 10-3% molyb- 
denum in the solonetzic soils. 


From Ya. V. Peyve's(13) data, total moly- 
bdenum content in the soils of Latvia varies 
between 2 x 107®% and 1.4 x 1074%. It was 
established that on many acidic sod-podzolic 
soils molybdenum micro-nutrient fertilizers 
were highly effective. 


Molybdenum deficiency or excess in soils 
has an effect on plants, animals and humans. 
In regions where molybdenum content in soils 
is less than 1 x 1074%, we observe a plant 
sickness called "Whiptail"' (22, 21, etc). In 
localities where molybdenum content in soils 
is above 2 x 107%, this element appears in 
large amounts in a number of plants; animals 
are stricken with ''Molybdenosis" (heart di- 
sease) (6), and human beings are afflicted 
with gout (2), Evans, Purvis and Bear (24), 
and others established that molybdenum com- 
pounds are easily available in soils having a 
pH above 7 and less available and little acces- 
sible to plants in acid soils. Kedrov-Zikhman 
(9) found that liming acid soils aids in mobilizin 
soil molybdenum and does away with the plant 
sickness ''Whiptail." 


We can distinguish the following forms of 
molybdenum in soils: 


1) Unavailable molybdenum being retained 
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1 a crystalline lattice of primary and secondary 
linerals; 2) Exchangeable molybdenum, ad- 
orbed as MoO, , the availability of which de- 
ends upon the pH of the soil solution; 3) Molyb- 
enum associated with the organic matter of 
oils; 4) Water-soluble molybdenum, in the 
orm of molybdates of alkali metals and am- 
1onium (molybdates of other metals, as a rule, 
re insoluble in water) 


General Characteristics of Soils Under Study 


The Golodnaya steppe is characterized by a 
at relief and homogeneous soils, mostly light 
ierozems, developed in loess-like clay loam 
nd differing in the degree of salinization and 
ultivation. 


The following features are peculiar to the 
esert zone where these soils have been de- 
eloped: a general lack of moisture and the 
ossibility of cultivation only by irrigation; a 
igh and long insolation; upward flows of soil 
nd subsoil solutions; an alkaline character of 
1€ soil solution; a high oxygen potential, con- 
ucive to high degrees of oxidation; strongly 
arbonate soils; a comparatively small organic 
ontent in the soils; a high microbiological 
ctivity under moisture conditions (14, 15, 17, 
jee). 


The sampling site is shown on the attached 
chematic map (Fig. 1) of the Golodnaya Steppe. 
description of soil Profile Nos. 1, 2, 3,5, 6, 
ad 18 is given in Table 1, All determinations 
tf molybdenum in soils, plants and waters were 
lade after appropriately preparing the molyb- 
enum thiocyanogen complex by photocolori- 
etric analysis following Dobritskaya's method 
}). Photocolorimeter FK-53 was used in the 
ork, 


Total Molybdenum Content in Soils Under 
Study 


The results in Table 1 show the following: 


In light nonsalinized sierozems, with deep 
round waters, the total amount of molybdenum 
7 profile varies between 2.0 x 10°4% and 5.2 x 
)-4%. On virgin soil we note an increase (as 
o»mpared with the same soils of ancient irriga- 
on) content of total molybdenum, especially 
1 the deep horizons. 


The light sierozems, salinized with ground 
aters at a depth of 3-4m, have an increased 
nount of total molybdenum (Profile No. 2) on 
e virgin soil along the entire profile up to 1m. 
hen similar soils are cultivated over 4-5 years 
il salinization decreases as a result of a num- 
or of agricultural practices (leaching, etc. ), 

id the total molybdenum content drops some- 
hat, especially in the A Horizon. Fifty years 
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of cultivation has lowered the molybdenum con- 
tent in the entire soil profile considerably. 


"Available'' Molybdenum: Most important 
for agronomic purposes is the determination of 
the forms of soil molybdenum assimilated by 
plants: the water-soluble and the exchangeable 
extracted with salt solutions. 


To determine "available’’ molybdenum in the 
soils under study we have employed the method 
of Grigg (25) who proposed extracting "'avail- 
able" (water-soluble plus exchangeable) MoO, 
by a buffer mixture of oxalic acid and ammonium 
oxalate. This method is as follows: to 25g of 
air-dried soil in a 500ml Erlenmeyer flask we 
add 250ml of a buffer mixture (24,9¢ of am- 
monium oxalate and 12.605¢ of oxalic acid are 
dissolved in one liter of twice distilled water and 
the pH of the solution is brought to 3.3); the 
content of the flask is agitated by a rotator for 
24 hours, and then filtered. Two-hundred ml 
of a clear filtrate is evaporated in a porcelain 
dish and the residue of the organic compounds 
is in a muffle at a temperature up to 450°C. 
The ignited residue is dissolved in 10m1 of 
twice distilled water and 10ml of 22% HCl 
during preheating and filtered into a 50m! vol- 
umetric flask through a dense filter, which is 
rinsed with hot twice distilled water, acidified 
with HCl. Then molybdenum is determined ac- 
cording to Dobritskaya's method (8). 


Grigg considers this method convenient for 
revealing the areas of "'available'' molybdenum 
content in soils that are deficient or excessive 
for plants. 


By using Grigg's method with New Zealand 
soils having insufficient amounts of "available" 
molybdenum for grass Walsh, Neenan and 
O'Moore (27) obtained figures ranging from 
4 x 107®% to 1.2 x 107%; with a normal and 
excess content of "available" molybdenum in 
the soils the quantities of molybdenum vary 
between 2 x 107% and 7 x 107%. 


When applied to carbonate soils Grigg's 
method has several shortcomings (an interaction 
of a buffer mixture of oxalic acid and ammonium 
oxalate with Cat* precipitates CaC,O,; different 
amounts of calcium in the soils affect the con- 
centration of C,0,> in the solution, etc.). But 
considering the small magnitude of the solu- 
bility product of CaC,O, (2.57 x 107%), by adding 
a large excess of a buffer oxalic acid mixture, 
we get an extract of MoO, in the solution, in 
addition to complete precipitation of the calcium 
ion. Repeated extractions of an oxalic acid 
mixture on the same soil showed that all the 
"available" molybdenum is in the first extract. 


The results of determining "available" moly- 
bdenum (Table 1) show that the pH in the ex- 
tracts of an oxalic acid mixture from the soils 
studied varies between 3.8 and 5, i.e., corre- 
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Fig. 1. - Schematic map o 

Symbo 

1] - Irrigation canals; 2 - lands rec 
reclaimed after 1917; 4 - reclaimabl 
number 


onds approximately to the pH of the root se- 
etions of the cotton plant. 


The "'available"' molybdenum content varies 
tween 1 x 10°% and 4.x 107%. We find no 
‘ect relationship between "available" molyb- 
num and the total molybdenum content in 

ils. We do not find any particular differences 
the content of ''available'’ molybdenum in light 
rozems, salinized and nonsalinized. In com- 
rison with virgin soils, continuously irrigated 
ht sierozems have reduced amounts of "avail- 
le’ molybdenum. The percentage of "avail- 
le'’ molybdenum to total molybdenum varies 
‘ween 3.7% and 10.6% and is equal, on an 
rage, to about 7%. By profile the percentage 
"available'' molybdenum to total molybdenum 
cies differently. 


Water-Soluble Molybdenum: The soils under 
dy have an alkaline pH of soil solution and 
ortion of the molybdenum is found in these 
1s in a water-soluble form, i.e. in the form 
molybdates of alkali metals and ammonium. 


To determine water-soluble molybdenum the 
lowing method was used. Weighed portions 
25¢ of air-dried soil were treated with 250ml 
‘wice distilled water and shaken by rotator 
30 minutes, then left standing for 23 hours 

| again agitated for 30 minutes. The solution 
3 filtered through a dense filter and 200ml of 


715 


f the Golodnaya Steppe 

Is 

laimed before 1917; 3 - lands 
e lands; 5 - soil profile 

Ss 


clear filtrate was evaporated in porcelain 
dishes. The organic matter of the extracts 
was ignited in a muffle at a temperature up to 
450°C. The ignited residue was dissolved in 
10ml of twice distilled water, 10ml of 22% HCl 
and after heating was filtered into 50ml volu- 
metric flasks. Then the molybdenum was de- 
termined as described by Dobritskaya (8). 


The data in Table 1 show that the pH of water 
extract from the soils under study varies between 
7.1 and 7.4. The water-soluble molybdenum con- 
tent varies within the limits of 1 x 10°*% and 1x 
10-5%, amounting to 1%-4% of the total amount 
of molybdenum. On old irrigated light siero- 
zems the water-soluble molybdenum content 
was less as compared with virgin soil. Ex- 
changeable molybdenum prevails over water- 
soluble molybdenum. 


Molybdenum in Cotton Plants: Studies have 
revealed that plants play a role as accumulators 
of molybdenum (2). 


The cotton plant samples studied were taken 
from the fields where the profile numbers of the 
previously described soils had been laid out. 


The figures in Table 2 show that a cotton 
plant accumulates most molybdenum in the 
leaves, followed by seeds, bolls and stems. 
The amount of molybdenum in the fiber is less 
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Table 2 


Molybdenum in cotton plants, in % 


Pro- | 
file Soil Leaves Stems Bolls | Seeds Fiber 
No. 
3 New irrigated (4 years) 5 .6x10-4 | 1.3x10-4 | 1.5x10-4 | 1.7«10-4 | Traces 
5 Old irrigated (over 50 

years) POZO SE O29 Mia bres alee a 
6 |Same D3 x4 0-94 6.621025 ox 10a Oxl Oat " 

| 
Table 3 
Molybdenum removed by cotton plant crop 

ro- Yield of 


Molybdenum removed, g/ha 
file Soil raw cotto 
No. entr/ha | Leaves | Stems | Bolls | Seeds | Total 


3 New irrigation 26.0 7.9 1535 1256 | 2.89 A Sued 

5 Old irrigation 36.0 3.44 alist Ame 58 Be (El 9.94 

6 Same Br 0) 3.63 0.87 ih etes 3.44 9.52 
than 1 x 107%. Conclusions 


We see a direct correlation between the moly- 


bdenum content, especially in the cotton plant 
leaves, and the "'available'' molybdenum content 
in soils. The greatest amount of molybdenum 
has been found in the leaves of a cotton plant 
grown on soil (Profile No. 3) with the greatest 
amount of "available'' molybdenum, 


Table 3 (10) shows estimate of molybdenum 
loss from soils and cotton crop. 


Molybdenum in Irrigation and Ground Waters: 
One of the sources of molybdenum intake into 
the soils being studied is irrigation waters. 
With irrigation waters molybdenum can migrate 
both in the ionic form and as suspended residue- 
clay. 


The determinations of molybdenum in filtered 


irrigation canal water showed that molybdenum 
quantities are expressed by figures of an order 
of 1 x 107° g/l (Table 4). The filtered ground 
waters are strongly mineralized and the molyb- 
denum content in them is higher than in the irri- 
gation waters (Figures of an order of 1 x 10-5 


g/1). 


These data show that the possibility of in- 
creasing molybdenum content in soils with 
capillary rise of these ground waters near the 
soil surface cannot be ruled out. 
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1. The average total content of molybdenum 
in virgin, salinized light sierozems of the Gol 
naya Steppe is higher than that in soils indicate 
by A. P. Vinogradov, and is equal to 4.5 x 107% 
According to A. P. Vinogradov the average cor 
tent of molybdenum in light sierozems, non- 
salinized, and irrigated for more than 50 year 
approaches the average amount of molybdenum 
and is equal to 2.6 x 107%. 


2. On virgin soil we do not observe any mo 
bdenum accumulation in the upper horizon. On 
when these soils have been cultivated over 50 
years is a very small increase seen in the mo. 
bdenum content in the upper horizon. 


3. We observe a correlation between the m 
bdenum content in the cotton plant (especially | 
the leaves) and "available'' molybdenum in soi 
determined by the Grigg method. We found no 
direct relationship in the soils between the tot 
amount of molybdenum and the amount of molly 
bdenum available to plants. 


4, The content of "available'' amolybdenum 
in the soils under study varies between 1 x 10 
and 4 x 10%%; the percentage of "available" 
molybdenum to the total amount of Mo is, on 
an average, 7%. Exchangeable molybdenum 
prevails over water-soluble molybdenum, 


5. The amount of water-soluble molybdenu! 
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Table 4 


Molybdenum content in irrigation and ground waters, g/l 


Sampling site 


eS ee ee 


1e light sierozems studied is of the order of 
10-% and lower; therefore, an analytical 
rmination of water-soluble molybdenum is 
cult. 


. Cotton plant leaves accumulate 36%-55%, 
Is 17%-29%, bolls 15%-22% and stems 11%- 
of the total amount of molybdenum in plants. 
1oval of Molybdenum by cotton in the cases 
ied ranges from 9.5 to 13.7 g/ha. More- 

>, we must consider that cotton plant leaves, 
n they fall, remain on the ground and the 
ybdenum contained in the leaves return into 
soil. 


. The amounts of molybdenum in irrigation 
igation canal) waters filtered from clay, 
es about 1 x 10-6 g/l. The ground waters 
ie Golodnaya Steppe are more frequently 
ngly mineralized and more enriched with 
yodenum than the irrigation waters. The 
ybdenum content in the ground waters is 
ie order of 1 x 10-5 g/l. With the ground 
rs near the surface, secondary saliniza- 
of soils may take place, including their 
chment with molybdenum. 


he studies made enable us to conclude that 
on light, nonsalinized sierozems, irrigated 
2 long time with ground waters near the 

ace is it possible to apply molybdenum 
-o-nutrients effectively. 


Received July 24, 1958 
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Water and depth 


10. 


1 


Solid 
residue, 


| 
6 | Kolkhoz im. Il'icha Irrigation canal | 0.96 | 7.0x10-6 
5 | Kolkhoz im. Oktyabrya Irrigation canal | 0.40 | 8.0x10-6 
4 | Virgin soil Gr. water 17.7 « y  Perchon || Tl aera 
3 | Kolkhoz im. Oktyabrya| Gr. water {80 cy 1 ISVS) 1.0x10-5 
6 | Kolkhoz im. Il'icha Gr. water 910 5.40 | 4.2x10-5 
5 | Sovkhoz Bayaut No. 4 Gr. water 240 : i 60.41 | 6.0*10-6 
8 | Same Gr. water 4 4 mG Hey a 4.0X410-5 


VOL 625) NOs Oo. 


. VINOGRADOVA, KH.G. 1952. Molybdenum 


and its biological role. In the collection: 
Microelements in plant and animal life. 
Izdatel'stvo Akademii Nauk, SSSR. 


VINOGRADOVA, KH.G. and A.A. DROB- 
KOV. 1949. A possible connection be- 
tween molybdenum deficiency and so- 
called "clover fatigue. '' Doklady Akademii 
Nauk, SSSR. Vol. 68, No. 2. 


VINOGRADOV, A. P. and KH. G. VINO- 
GRADOVA. 1948. Molybdenum in the 
soils of the USSR. Doklady Akademii 
Nauk, SSSR. Vol. 62, No. 5. 


VINOGRADOV, A.P. 1957. Geochemistry 
of rare and dispersed chemical elements 
in soils. Izdatel'stvo Akademii Nauk, SSSR. 


DROBKOV, A.A. 1952. Role of molyb- 
denum in plant life. In the collection: 
Microelements in plant and animal life. 
Izdatel'stvo Akademii Nauk, SSSR. 


DOBRITSKAYA, YU.I. 1957. Colorimetric 
determination of molybdenum in soils 
and plants. Pochvovedeniye No. 3. 
KEDROV-ZIKHMAN, O.K. 1955. Liming 
sod-podzolic soils. Sel'khozgiz. 


KRUGLOVA, YE.K. 1941. Analysis of 
cotton plants and alfalfa, In the collec- 
tion: Methods of agrochemical and 
agrophysical investigations in irrigated 
cotton districts. Izdatel'stvo Soyuz 
NIKHI (Nauchno-issledovatel'skiy in- 
stitut po khlopkovodstvu) Tashkent. 


MADANOV, P.V. and YE.N. IVANOVA. 
1954. Molybdenum content in several 
soils and plants of the Volzhsko-Kamskaya 
Steppe. Uchenyye zapiski Kazanskogo 
gosudarstvennogo universiteta, Vol. 114. 


12. 


13. 


14. 


15. 


16. 


Wife 


18. 


YE. K. KRUGLOVA 


Book 1, 


MARKMAN, A.L. and YE. K. KRUGLOVA, 
1957. Effect of different methods of 
adding microelements upon oil accumula- 
tion in cotton seeds. Rukopis', Nauchnyy 
sektor Sredne-Aziatskogo Politekhni- 
cheskogo instituta. 


PEYVE, YA.V. 1957. Microelements in 
the soils of Latvian SSR. Theses on re- 
ports to the conference on biogeochemi- 
cal provinces of the USSR. Izdatel'stvo 
Akademii Nauk, SSSR, Moscow. 


PANKOV, M.A. 1957. Soils of the Golod- 
naya Steppe. In the book: Golodnaya 
Steppe. Izdatel'stvo Akademii Nauk, 
Uzbek SSR., Tashkent. 


ROZANOV, A.N. 1948. Soils of the 
Golodnaya Steppe. In the book: Soils 
of the Golodnaya Steppe, as a subject 


for irrigation and improvement. Izdatel'- 


stvo Akademii Nauk, SSSR. 


RUDIN, V.D. and S.S. SHCHERBAKOVA. 
1957. Microelement content in several 
soils of the Stavropol'skiy Kray and 
their effect on increase in corn yield. 
Theses on reports to the inter-Vuz con- 
ference on microelements in soils of the 
USSR. Izdatel'stvo Moskovskogo gos- 
udarstvennogo Universiteta. 


SUCHKOV, S.P. 1957. Tashkent district, 
Golodnaya and Dal'verzinskaya Steppes. 
(Tashkent region). In the book: Cotton 
plant. Vol. 2., Climate and soils of 
cotton districts of Central Asia. Tash- 
kent. 


CHERNAVINA, I. A. 1952. Effect of 
molybdenum on yield and chemical 
composition of plants. In the collec- 


. 


tion: Microelements in plant and animal 
life. Izdatel'stvo Akademii Nauk SSSR. 


YAKOVLEVA, V.V. 1956, Outside root 
nourishment of plants by boron and 
molybdenum. In the collection: Micro- 
elements in agriculture and medicine. 
Izdatel'stvo Akademii Nauk, SSSR. 


YAROVAYA, G.A. 1957. Biogeochemical 
provinces, enriched by molybdenum in 
Armenian SSR, Izdatel'stvo Akademii 
Nauk, SSSR, Moscow. 


. ANDERSON, A.I. and QUERTEL. 1940. 


Factors affecting the response of plant 
to Mo. (In English), Australian Council 
Sci. Ind. Research Bulletin N 198. 


DAVIES, E.B. 1945. Molybdenum de- 
ficiency in New Zealand. (In English). 
Nature 156. 


DAVIES, E.B. 1956. Factors affecting 
molybdenum availability in soils. (In 
English). Soil Science V. 81, No. 3. 


. EVANS, H.J., E.R. PURVIS and T. E. 


BEAR, 1951. Effect of soil reaction 
on availability of Mo. (In English). Soil 
Science, V. 71. 


GRIGG, O. L. 1953. Determination of the 
availability of Mo of soils. (In English) 
New Zealand, J. Sci. Technol, 34A, 405. 


ROBINSON, W.O. and Z. T. ALEXANDER. 
1953. Mo content of soils. (In English). 
Soil Science, V. 75, No. 4. 


WALSH, NEENAN and O'MOORE, 1956. 
Soil studies using sweet vernal for asses 
ing element availability. (English). New 
Zealand. J. Sci. Technol. 337, 482. 


>-VERAL PROBLEMS 


N THE STUDY OF THE FERTILITY OF FOREST SOILS 


N. MINA, Forestry Institute, Academy of Sciences, USSR 


The problems involving the fertility of forest 
ils have thus far been studied little. In a sys- 
natic sense there is a perfectly natural con- 
ction with a field that is very related but con- 
lerably older and richer in experience — 
mely, agrochemistry. At the same time an 
proach to the study of the fertility of forest 
ils, particularly under natural forests, should 
flect the unique character of the subjects 

der study and their basic difference from 
tivated agricultural soils. Forest vegetation 
s been described as plants of many years' 
inding, very different in biological properties 
ym agricultural crops. These plants have a 
ferent overall life span and chemical compo- 
ion of organic matter, as well as a different 
sth of vegetation period. They have a differ- 
t structure, thickness, and penetration depth 
root system, annual return into the soil of 

ad organic matter (with coniferous needles, 
ves, and other residue) together with nutrient 
ments contained in the organic matter, and 
‘mation of a unique, genetic horizon of forest 
ils — the forest floor litter. All this deter- 
nes the different relationships and interaction 
ween forest vegetation and soils. 


On areas used for agricultural crops, the 
lis comparatively alike and level because of 
stematic scientific agricultural measures. 


In soils under natural forests, essentially 
gin lands, as a rule we see an extreme spa- 
| heterogeneity in the distribution of different 
ments. This is explained by the growth 
ycess of forest soils and of the forest growing 
them. When individual trees die during wind- 
ls, the upper part of the soil layer repeatedly 
inges under the influence of the activity of 
est animals and insects. Trunks or frag- 
nts of dead trees are scattered about and 
-ompose; in their place fairly deep holes are 
med; in other places animal burrows or ant 
|mounds. Simultaneously, the soil surface 
levelled off and smoothed down. The earlier 
med uneven surfaces are filled with fallen 
ves, coniferous needles, dead branches and 
er residue. These phenomena take place 
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continuously from the moment the forest exists 
on any given territory. Under a relatively 
smooth surface, the soil's history in a layer of 
forest soil is reflected both in terms of the 
general course and direction of the soil-forming 
process and as separate phenomena that have 
previously taken place on specific tracts. 
Therefore, it is natural that distribution of the 
individual components composing the forest soil 
(organic matter, mineral substratum, etc.) will 
not be even or uniform. 


The specific characteristics of the formation 
of forest soil profiles and their spatial hetero- 
geneity compel us to use extreme care in 
approaching the selection of sites for soil pro- 
files for morphological description purposes and 
for taking samples for laboratory analysis and 
also in approaching a method for periodically 
taking samples in order to study the dynamics 
of the soil processes. Inadequate attention to 
these basic aspects in conducting any kind of 
studies often lowers the value of the work. 

Thus, in several works published by Tyulin and 
his co-workers (6, 7, 8) based on studies con- 
ducted at the Tellermanovskoye Experimental 
Forest of the Forestry Institute, Academy of 
Sciences, USSR (Voronezhskaya Oblast'), we 
see a marked seasonal content of the total 
nitrogen and phosphorus in the dark-gray forest 
soils of 25-year old oak forests. In the upper 
A,! humus horizon (depth 3-13 cm) it was found 
that in May, N = 0.58% and P,O, = 0. 229%; in 
July, N = 0.37% and P,O, = 0.091%; in September 
the original percentage was restored: N = 0.55% 
and P,O, = 0. 228%. 


The greatest difference by periods, expressed 
for N of 0.21% and for P,O, of 0.138% converted 
to 1 hectare, was 2,100 and 1, 380 kg respec- 
tively. With such a loss of nitrogen and phos- 
phorus and its total compensation towards the 


lWe note that in a 20-30 cm layer, according to 
Tyulin's data, a similar dynamics of N and P,O; was 
observed; consequently, a redistribution of these 
elements in the soil layer could not result in signifi- 
cant amounts. 
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end of the vegetation period, the question natu- 
rally arises as to the causes of this loss and the 
sources for its replenishment in such a short 
period of time. Attributing the loss to the con- 
sumption of nutrients by forest vegetation, A. F. 
Tyulin supposed that the return into the soil of 
the nutrients was provided for by annual litter, 
root formations and dead roots. 


The quantitative indicators for nitrogen and 
phosphorus being returned into the soil with the 
litter are easily determined and fairly accu- 
rate. In oak forests which are almost similar 
in age and soil conditions to those where Tyulin 
worked, about 50 kg N and 5 kg P,O,/1 ha (3) 
are returned annually with litter. The root 
formations, annually dying roots and the root 
tips have not as yet been subjected quantitatively. 
However, there is no reason to assume that 
these sources may completely provide for the 
restoration of the original contents of nitrogen 
and phosphorus in the soil, in amounts equal to 
the detected loss. The entire root mass ina 
25-year-old oak contains only 225 kg N and 53 
kg P,O,/1 ha, and the entire mass of organic 
matter in this wood (above-ground and below- 
ground) stores up or accumulates 425 kg N and 
86 kg P,O, (3) at this age, i.e., many times 
less than the previously-determined differences 
in the content of these substances in the soil 
during separate periods. 


Thus, we cannot assume that variations in 
the total content of nitrogen and phosphorus for 
a vegetation period, in the dark-gray soils of a 
25-year old oak stand, might attain values 
ranging from 1, 300-2, 000 kg/1 ha. There is no 
consumer for such a loss, just as there is no 
source for its replenishment. 


Obviously, the reason for such marked vari- 
ations in the total content of nutrients lies in the 
great diversity of distribution of the individual 
nutrients in the forest soils, especially in their 
upper horizons. This diversity excludes the 
possibility of studying any nutrient in the dynam- 
ics by analyzing single soil samples or a com- 
posite of several samples that have been taken 
from a limited area and which often give read- 
ings differing sharply from the actual mean 
values. In our opinion, this is also confirmed 
by data from Tyulin's work, already mentioned 
(8). Tyulin considered living roots as the 
principal cause for the loss of nutrients in the 
soil, and conducted observations on the dynamics 
of carbon and nitrogen contents in soil deprived 
of roots. Preparing soil for this experiment 
consisted of removing the litter and extracting 
all visible roots by hand. Next the soil was 
placed into a plot that has been spaded 15 cm; 
the sides of the plot were isolated with boards 
or slabs to prevent possible penetration by roots 
from without. Practically speaking, the sea- 
sonal variations of nitrogen in this experiment 
were absent. In his results Tyulin confirmed 
his conclusion on the role of living roots in the 
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absorption of enormous amounts of nutrients 
from the soil. However, the results of this 
experiment may be considered from other view 
points. 


The actual preparation of the soil for experi 
mentation and the careful sifting of soil in ex- 
tracting roots made the soil homogeneous and 
free of a diversified distribution of the differen 
nutrients, (a diversity peculiar to forest soil), 
in their natural occurrence. Naturally, the 
successive analyses of soil samples taken dur- 
ing various periods did not reveal marked vari: 
tions in the content of total nitrogen, while the 
actual experiment once again showed how im- 
portant proper soil sampling is in studies of 
this kind. 


Our observations of the dynamics of total 
content and available forms of nitrogen and 
phosphorus, conducted in 1953 at the same 
Tellermanovskoye forests on dark-gray forest 
soils with oaks of various age under conditions 
similar to those under which Tyulin made inves 
tigations, do not confirm his conclusions 
(Table 1). 


Soil samples to be analyzed were prepared 
by mixing 20 samples taken by a borer from 
individual spots situated equally apart on the 
experimental plot. 


The total nitrogen content in the soils of the 
different experimental plots was similar. The 
upper 10 cm layer of soil on experimental plot 
No. 1, under a 200-year old forest stand is 
characterized by a somewhat increased quantity 
of nitrogen. The maximum difference in nitro- 
gen is 0.17%, with an average content of nitro- 
gen for this layer equal to 0.70%. The percent 
age of nitrogen in the litter is approximately 
3 times more than in the upper layer of the 
humus horizon. The quantity of nitrogen grad- 
ually decreases with depth. 


A nitrogen loss (0.3% for all plots) was 
noticeable in the forest litter during the vege- 
tative period, particularly from July through 
September. 


From May to the end of June the nitrogen 
content in a 3-13 cm soil layer remained un- 
changed on Experimental Plots No. 10 and 11, 
while on Nos. 8 and 1 the nitrogen content 
increased somewhat (by 0.05%-0.10%). At the 
end of September a nitrogen loss was observed 
on Plots No. 10 and 11 a small loss (0. 03%- 
0.04%), and on Plots No. 8 and 1 a more appre 
ciable loss (0.12%-0.15%). At depths of 13-23 
and 23-33 cm a nitrogen loss was noted as we 
moved from spring toward fall, a loss which 
quantitatively amounted to 0.11% for the entire 
period. The content of hydrolyzed nitrogen in 
the A Horizon is small — 7-15 mg N/100 ha of. 
soil. In the litter it is considerably more, up 
to 80 mg. We did not observe any dependence © 
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Table 


NA 
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Content of nitrogen and phosphorus in the humus horizon of dark-gray soils and its change 
during a vegetative period (1953) 
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the content of this form of nitrogen upon the 
» of the forest stands on the experimental 

ts or upon regular changes with season, 
ept an increased concentration during sum- 
r months in the forest litters. 


The available phosphoric acid shows in its 
tribution a definite relationship to the age of 
forest stands; the amount of P,O, at all the 
mined A Horizons decreases as the forest 
-increases. This relationship can be seen 
rll periods. 


There are 2-3 times more phosphates in the 
ers than in the mineral horizons of the soil. 
do not see any relationship of the age of 

es to the litters. At all depths in the A Hori- 
a loss of available P,O,; towards the end of 
e and a restoration of the original amounts 
ards the end of September were noted; the 

| on Experimental Plot No. 1, where a total 
apensation of the summer loss had not been 
orded, was an exception. The magnitude of 
loss and of the subsequent restoration of the 
punt of available phosphoric acid was 410 

1 ha for the upper 30 cm layer of soil on 
erimental Plot No. 10. We should attribute 
ge part of these changes to a temporary 
tion of P,O, in the more stable compounds. 
total amount of P,O, actually remains un- 
nged at all periods. 


n order to eliminate the effect of spatial 


srogeneity in the distribution of the individual 
ponents in forest soils, Abramova (1) and 
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later Zonn and Aleshina (2) used the following 
method. In studying the dynamics of the chemi- 
cal and physicochemical properties they marked 
off an experimental section into 5 tracts; each 
was divided into 10 plots. Soil samples to be 
studied at each period were taken from each plot 
and mixed by tracts. Five samples were ob- 
tained per horizon; each sample represented 
the average of ten individual samples. All the 
average samples were subjected to analysis 
separately. One might suppose that this method 
would provide reliable analytical data. Yet, we 
failed in fully realizing this. In Abramova's 
work in Table 22, we find data on the change in 
the content of total humus. From these data, 
where each value has been derived from analyz- 
ing a sample prepared from 10 samples taken 
separately, the result was that the differences 
in the humus content, from the spatial hetero- 
geneity in its distribution, were considerably 
greater than the change of humus content in time. 
This very fact of the variability of humus con- 
tent during a vegetative period, which Kravkov 
and Remezov (5) had pointed out earlier, has 
been proven in Abramova's work. A similar 
trend in the changes of humus content on the 
separate tracts bears this out. 


However, a quantitative expression of this 
variability in humus content as a result of spatial 
heterogeneity is not reliable. This applied as 
well to the work of Zonn and Aleshina (2). They 
showed that the difference in humus content in 
the A, horizon of dark-gray oak forest soils is 
3.80% over a period of 2 autumn months. The 


FERTILITY OF FOREST SOILS 


existence of data on the thickness of the separate 
horizons and of the bulk density of these soils, 
as well as values for annual litter, makes it 
possible to come up with an approximate esti- 
mate. Asa result the difference in the humus 
content in the upper 40 cm layer of these soils 
for a period of two months will be expressed as 
6.1 kg per m?, while the return of dead organic 
matter along with litter for the same section will 
be 0.35 keg. 


The mass of living roots having a diameter 
less than 2 mm amounts to 3.6 kg per m? (3) in 
a forest stand similar in composition, age and 
forest conditions to those studied by Zonn and 
Aleshina. Dead roots were not considered but 
there were fewer of them than living roots. The 
work of Orlov (4) with spruce stands on leached 
chernozems of the forested steppe gives some 
idea of the quantity of dead roots. About 6 met- 
ric tons/1 ha of dead roots, i.e., 0.6 kg per m? 
were found in a 2 m layer of soil on a 50-year 
old spruce plantation. Thus, the possible 
sources for supplementing the quantity of humus 
are only a small part of the loss, as indicated 
by the work of Zonn and Aleshina (2). 


We might offer the following recommendation 
for sampling. The average samples should be 
prepared by mixing the separate samples (for 
each horizon, for each period). The number of 
mixed samples can be determined based on the 
foregoing study of the spatial heterogeneity 
effect on the soil; only after we have statistically 
computed the results of such a preliminary work 
can we determine the extent of reliability of the 
data obtained from mixing one or another num- 
ber of separate samples. 


The structure of the root system of forest 
plants (mainly trees) is not the same. This is 
caused by the specific biological characteristics 
of the tree species and by conditions of habitat. 
We know that the same tree species, as a func- 
tion of conditions of growth, develops a different 
root system. 


The penetration depth and development of the 
root system determines the thickness of the soil 
layer drawn into the biological cycle. This fact 
must be considered when studying the dynamics 
of soil nutrients and determining the supply of 
mineral nutrients for plants. Our study should 
include, if not the entire root layer, at least 
that portion in which the main body of feeding 
roots is distributed. The content of one or an- 
other of the nutrients studied along with the usual 
quantitative expression in mg/100 ha or per 1 kg 
of soil, should be calculated in supply of a given 
nutrient in the root layer or in a principal part 
of it, by unit of area (1 ha). In studies there 
were cases when the nutrient content in their 
usual expression (mg/100 ha) was almost the 
same with different soil groups and soils of 
sharply different productive capacity. If we 
compute the total nutrients in available form for 


the main portion of the root layer of soil, we 
see a sharp difference in the plant nutrient 
content on the given soils, caused by a varyin 
thickness of the layer drawn into the biological 
cycle. 


Let us show this by example. In Table 2 we 
have data on the amount of available P,O, and 
K,O in the soils of spruce growing in the fores' 
steppe and taiga zones. Studies were made in 
the forested steppe zone on 27- and 60-year oi 
spruce plantations found on leached fine clay 
loam chernozem of Mokhovskiy lumber camp, 
Orlovskaya Oblast', developed on loess-like 
clay loam; in the taiga zone studies were made 
on 110- and 130-year old spruce on podzolic ar 
peat-humic gleyish soils developed on calcare¢ 
moraine (Khorovskiy lumber camp, Vologod- 
skaya Oblast’). 


The leached chernozems of Mokhovskiy lum 
ber camp were characterized by a water and a 
regime very favorable to vegetation. Long 
seasonal periods of excessive surface moistur 
which is a principal factor limiting the produc- 
tive capacity of these forest stands, were typi 
of taiga soils, particularly the peat-humic. 


Sharply different conditions in the growth of 
these spruce are responsible for the different 
productive capacity of the forest stands, the 
structure of their root systems and the thickne 
of the root layer of soil. On the leached chern 
zems of the forested steppe, spruce plantation 
have a site quality class of I - Ia, with a deepl 
penetrating, well developed root system. The 
spruce of the taiga zone have a site quality cla 
of IV, with a surface root distribution. The 
roots penetrate somewhat deeper on the podzo! 
soils occupying the relatively higher parts of t 
relief with excellent aeration and moisture con 
ditions as compared with the peat-humic soils: 
the productive capacity of these podzol soils is 
somewhat higher. In computing the available 
nutrient contents the following thicknesses of t 
root layer of soil were used: for chernozem, 
90 cm; for peat-humic gleyish soil, 30 cm; an 
for podzolic soil, 40 cm.2 


The leached chernozems of the forested 
steppe are characterized by a low content of 
available phosphoric acid — from 3.0-6.6 mg 
100 g of soil. Only the forest litters are char: 
acterized by a high content of P,O,. In the soi 
profile the distribution of P,O, is uniform. In 
the soil of a 27-year old spruce we note the 
smallest amount of P,O, in the upper 10 cm la 
which may be associated with the adaptation of 
the main mass of feeding roots to these depths 
and with their consumption of P,O,. In the soi 
of a 60-year old spruce below 40 cm, the conte 


2To compute the nutrient contents we took a layer | 
soil with 90% 95% of small roots. 
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Table 2 


Content of available phosphorus and potassium in soils of the forested steppe 
and taiga zone 


! 


Leached chernozem Peat-humic gleyish soil Podzolic soil 
27-yr-old spruce 60-yr-old spruce 130-yr-old spruce 110-yr-old spruce 
ages Mg/ | Kg/ | Mg/ | Kg/ pert Me) okey et ey ince, 
100ha| 1ha |100ha| tha eae 100 ha} 1ha era sonal othe 
P.O; 
Litter 34.0 t | gee 5 |O0—5 (litter)| 8.7 6 | O—5 ditter] 11.0 8 
O—10 3.6 32 6.4 54 o—10 Oe) 5 5—1 0) 

: : : — : 14 
10—20 4.1 ail 45 on 10—20 6.5 24 {595 i) ‘0 126 
20—30 4.5 45 Sieh 35 20—30 10.0 60 25—35 OROM eZ 
30—40 4.4 49 4.9 52 30—40 Nee) |) 2axve 30—40 ORO TO 
40—50 9.0 o7 3.0) oo 40—50 Neral) <i) aye 40—50 HOO |) LAG 
Bee : : or Bow 38 0—30 95 O0—40 349 

5 76 | 420 DAA) 7050 653°| 0=5 519 
70—80 6.0 72 4.0 46 a a 
80—90 5.0 60 O50) 40 

Total 492, 388 

K20 

Litter 108 Daa, AZ 18 | O—5 (litter!) 190 | 142 | O—d(ittery 164 123 
O=10 23 202 24 202 o—10 74 ay) o~—15 a 98 
10—20 inl 98 13 118 10—20 74 274 i= 6 84 
20—30 13 130 14 147 20—30 We 78 29—d0 6 84 
30—40 13 146 10 106 30—A0 15 195 30—40 18 135 
40—50 13 148 10 109 40—50 NS) 270 40—50 18 306 
50—60 42, 138 i 123 0—30 549 0—40) O24 
60—70 42 {38 11 123) O50 1014 O—50 30 
70—80 11 426 1 138 
80—90 {1 126 2 138 

Total NTS 1222 


>,0, as compared with the soil of a young 
uce is somewhat less; evidently, this is 
ociated with the composition of the parent 
erial. 


The litters are considerably poorer in taiga 
Is and the content in the litters of P,O, does 
differ from that in the mineral horizons. 
riously, this is associated with a maximum 
iration of the litter with feeding roots and by 
t consumption of P,O,, and also with leaching 
he lower lying horizons. In the peat-humic 
_we see a noticeable increase in the content 
»,O, in the layer below 30 cm, i.e., the 

sar not actually being utilized by roots. In 
zolic soil, except the impoverished A, hori- 
(depth of 5-15 cm) P,O, distribution is very 
orm. Compared with the leached cherno- 
1s the taiga soils contain 1-1/2 to 2 times 

re available P,O, (computing per unit of soil 
cht). 


A different picture emerges when we examine 
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the results of determining available phosphoric 
acid, expressed as available phosphoric acid 
contents in the root layer of soil. The leached 
chernozem of 27-year old spruce has the great- 
est content of available phosphoric acid equal to 
those distributed in the root layer of soil. The 
P,O, content in chernozem under 60-year old 
spruce is approximately 20% less than in the 
27-year old spruce. The P,O, content in pod- 
zolic soil is only a little less than in chernozem 
of 60-year old spruce. From this we see that 
the quantity of available P,O, in the root layer 
of soil which amounts to 350 kg/1 ha, could 
guarantee the normal growth of a forest stand 
having a considerably higher productive capacity 
than is observed on podzol soil. 


Peat-humic gleyish soil is characterized by 
the lowest content of available P,O, — 95 kg/ha. 
However, there is enough of it for the growth of 
a forest stand with a site quality class of IV and 
possibly for a higher productive capacity if the 
vegetative growth on peat-humic gleyish soils 
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were not limited by unfavorable water-air prop- 
erties that retard the growth of root systems 
during excessive moisture periods in these 
soils. The soil layer found directly below the 
root layer contains very large amounts of P,O,. 
Consequently, we might expect that with a slight 
lowering of the ground-water level, which pre- 
vents root penetration and root utilization of soil 
layers below 30 cm, this layer will become 
available to spruce roots and will be drawn into 
the biological cycle. There is enough available 
P,O, in a half-meter layer of peat-humic soil 

to provide for the growth of a forest stand of the 
highest productive capacity. 


The taiga soils are richer than chernozem in 
the amount of available potassium, expressed in 
mg/100 ha. There is more potassium in hori- 
zons predominant in organic matter and in the 
mineral layer, particularly in the illuvial hori- 
zon of podzolic soils. We see that the podzolic 
horizon is noticeably poor in available potas- 
sium. In chernozems, except the upper 10 cm 
layer, where there is twice as much potassium 
than in the lower lying horizons, potassium con- 
tent is uniform. Amounts of available potassium 
in the root layer of chernozems and taiga soils 
are far higher than phosphoric acid contents and 
seem to fully guarantee the normal vegetative 
erowth. 


Amounts of phosphoric acid and available 
potassium in the root layer of chernozems are 
considerably higher than in taiga soils, whereas 
when expressing the results of analysis in mg/ 
100 ha we see a reverse picture, which distorts 
the actual supply for vegetative growth on the 
soils studied. 


The problems discussed in this article are 
not new. The reliability of data obtained from 
studying soil fertility, thickness of layer which 
must be subjected to investigations, and meth- 
ods for expressing the results of work, deter- 
mine to a great extent the value of the studies 
made but are not always sufficiently considered. 
This is why we deemed it useful to direct the 
reader's attention to them. 


Received September 25, 1958 
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4OSPHOROUS CONTENT IN CRIMEAN STEPPE SOILS 


F. SEVAST'YANOV, Ukrainian Scientific-Research Institute of Soil Science 


A change in soil-forming processes under 
influence of human activity is noted in the 
rks of Vil'yams (1), Sokolovskiy (5), Zonn (3), 
urin (7), Frantsesson (8), Kochkin (4) and 

ny others. From century-old use, soil 
inges, as compared with virgin soil, both in 
rphological structure of soil profile and in 
7sicochemical and biological properties. 


In this article we shall briefly deal with the 
yblem of the influence of agricultural human 
ivity on the change in phosphoric acid content 
l its distribution by horizons in Crimean 

ppe soils. 


Agriculture on the Crimean peninsula began 
be developed very early. The principal occu- 
ion of the population was cattle-breeding and 
mitive farming. Long (estimated at a thou- 
1d years) unsystematic cattle grazing in the 
imean steppes and improper soil cultivation 
ler a three-field agricultural system brought 
yut certain changes in the structure of the soil 
file. Analyses have revealed a peculiar 
ntitative distribution of phosphorus in the 

1 layer of the Crimean steppe. Ordinarily, 
re is more P,O, in the upper part of the soil 
file than in the lower. ''Phosphorous enrich- 
nt of the uppermost soil horizons — Shmuk (9) 
nted out — and the relative impoverishment 
he lower-lying layers by the uppermost hori- 
is is explained by the activity of the root sys- 
1 of plants.'"' Plants by their own roots 

ract the phosphorus from the deeper horizons 
ether with other nutrients and deposit it as 
anic compounds on the surface and on the 

er part of the soil layer. We do not see such 
attern of phosphorous distribution in the 
mean steppe soils. 


There is 0. 09%-0. 13% P,O, in the soil- 
ming parent material (loess-like clay) and 
8%-0.11% P,O, (Table 1) in the plowed layer 
ld plowed soils. 


The absence of phosphorous accumulation and 
n phosphorous deficiency of upper soil horizons 
he Crimean steppe, are obviously associated 


with human activity, i.e., with phosphorous 
depletion by cultivated crop yields — mainly 
grain crops, and also by mowing or grazing 
grasses. 


An increased phosphorous content is seen 
only in the center of the profile of chestnut group 
soils, formed in the Prisivashskaya lowland in 
areas from 3-5 to 25-30 m above sea level. 
Phosphorus in this part of the profile is accumu- 
lated in the same way as in the upper part, 
owing to phosphorous accumulation by plant 
roots from soil-forming parent material, but 
only in far lesser amounts. 


The quantitative accumulation of phosphorus 
in the center of the profile of these soils exceeds 
the phosphorous contents of the upper parts. 


An increased phosphorous content in the 
center of the profile of chestnut soils as com- 
pared with the phosphorous content in the upper 
part, should be explained not by a more intensive 
phosphorous accumulation but by a lesser leach- 
ing and removal, than from the upper horizons. 


In the center of the profile of southern cherno- 
zems, developed in the Central Crimean steppe, 
phosphorous accumulation is not observed. This 
gives us a right to suppose that the Central 
Steppe of the Crimean peninsula has been plowed 
far earlier than the Prisivash'ye area; as a re- 
sult the soils here are even poorer in phosphorus. 


In the dark-chestnut weakly solonetzic soils 
in the center of the soil layer, the phosphorous 
content is 0.14% P,O,; it is possible that there 
was no lesser amount of phosphorus (but even 
perhaps a greater amount) in the upper layer of 
these soils before they were plowed. Century- 
old carnivorous management of landuse, without 
use of fertilizers, led to phosphorous impover- 
ishment of the upper part of the soil profile. 
This assumption has been confirmed by data on 
the phosphorous content in continuously fallow 
soils, or in soils long in disuse. This area is 
situated within the confines of the Crimean 
Oblast’ Group Agricultural Experimental Station. 
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PHOSPHOROUS CONTENT IN CRIMEAN STEPPE SOILS 


Laboratory analysis data on soil samples of 

southern chernozem in this area are given in 
Table 2. Up to 4.5% humus was accumulated 
in the 0-10 cm layer during extensive disuse 


phosphorus from the soils of the Crimean 
steppe, field crops now react positively to 
application of phosphorous fertilizers; thus, in 
experiments by Tulin and Sevast'yanova (6) an 


Table 1 


Total content of humus and P,O, 
on absolutely dry soil, in % 


Total 
: Depth, Content 
Soil om 
Humus 
O0—10 209T ORLO 
Chernozem, southern, 20—30 DAT wi OLO 
weakly humic, 35—45 Di wie Ocal 
Krasnogvardeyskiy 60—70 Ags oO) OS) 
rayon 90—300 | 0.5 | 0.09 
140—150 — |. 0.09 
ai) 380) ROMO 
2232 26 a eORd2. 
Dark-Chestnut, weakly 38—48 Pee (OVeas: 
solonetzic, Azovskiy 50—60 d 2h Oi. 1% 
rayon 90—100 | 0.8 } 0.43 
190—200 — | 0.41 
0—10 Za Gea ORE 
Dark-Chestnut, medium el ee ON) 
solonetzic, Sovetskiy 30—45 1) | Oaks} 
rayon 70—80 | 0.7 | 0.12 
M5 ae =H 54) Oe de 
0—10 Dede || (0) 0S} 
Chestnut, medium 2020 ASS ROLO 
solonetzic, Kirovskiy 40—50 Vey AMON AD, 
rayon | 60—70 Oro NOEL 
g2—102 | 0.4 | 0.12 
0—10 Ph OA, 
Meadow-chestnut, strongly 20—30 1 se 0. 10 
solonetzic, Azovskiy 45—99 TO: 14 
rayon pele 0.5 0.13 
90—100 | 0.3 | 0.42 
145—155 — | 0.13 


of this soil, while the amount of phosphorus 
increased to 0.13% as opposed to 0. 10% P,O, 
found in the same, but plowed, chernozems 
(Table 2). 


This is also confirmed by data (Table 2) ob- 
tained from analyzing samples of deep solonetz, 
formed at a 3-5 m above sea level on an area 
that had been plowed several years previously. 
Here we see an increase of P,O, from 0. 09% in 
the soil-forming parent material to 0.13% in 
the upper half-meter of soil layer (except the 
strongly solodi 0-10 cm layer). 


As a result of a noticeable removal of 
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increase (2.4-4.3 cntr/ha or 10. 2%-18. 2% fron 
a control experiment) in grain yield of winter 
wheat was obtained by adding superphosphate 
fertilizer by various means and in various 
amounts into dark-chestnut weakly solonetzic 
soils of the Dzhankoyskiy rayon. 


Conclusions 


1. As a result of agricultural human activity 
the upper horizons of soil are considerably 
deficient in phosphorus, which evidently was 
removed by harvesting cultivated crops and 
wild-growing grasses. 


N.F. SEVAST’YANOV 


Table 2 


Total content of humus and phosphorus 
on absolutely dry soil, in % 


Chernozem, southern, 
weakly humic, 
Virgin strip, 
Krasnogvardeyskiy rayon 


Deep solonetzic. 
rayon 


Azovskiy 


Total 

Content 
O—5 5 at 0.414 
H—iK0) Bald |) O) ale 
10==15 Bae |) Oma 
= 320M Ond4 
1510) thse || 0) 402 
70—80 Oi |] O. ae 
150—160 ae mC) er 
O=10 ok NO ae 
Dp hae [Ph Oeale 
38—148 WO) |p Onalss 
Oe) S|) Cit? 

90—100 — On 
15 O50) == || 0,4 

190—200 = || 0. 


2 Data of V. P. Gusev and V. T. Kolesnichenko (Aye 


2. To increase the fertility of Crimean 
ppe soils, we deem it necessary to apply 
»9sphorous fertilizers, along with employing 
ier methods. 


Received June 28, 1958 
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EFFECT CF VARIOUS CULTIVATION METHODS 
ON THE WATER REGIME OF CHERNOZEM SOILS’ 


K. K. ZHUCHENKOV, Leningrad Institute of Agricultural Physics 


This report discusses several results of 
studying the effect of the water regime of soils 
by the different methods used to cultivate vir- 
gin lands. Studies were conducted in 1954-1956 
in the forested steppe zone of Kokchetavskaya 
Oblast' (Northern Kazakhstan) on fields of kol- 
khozes 'Red Army Man" and '30 Years VLKSM," 
Zerendinskiy rayon. 


The soils are fine clay loam ordinary cher- 
nozem. Thickness of humus horizon (A + B) is 
45-55 cm. Physical clay content (particle di- 
ameters smaller than 0.01 mm) is 54% in the 
humus horizon and 60% in the soil-forming 
parent material. The water-physical char- 
acteristics of these soils are given in Table 1. 


We should note that, as bulk density increases 
with depth, the percent of moisture available to 
plants decreases. If in the upper humus hori- 
zon (0-50 cm) there is one and one-half times 
more available moisture than in corresponding 
layers of lower-lying horizons, twice as much 
moisture will be found in the uppermost 30 cm 
layer than in the horizons of soil-forming parent 
material. 


A specific characteristic of the climatic 
conditions of Kokchetavskaya Oblast' is the un- 
equal distribution of precipitation by seasons 
of the year. Most precipitation occurs in the 
summer. Average annual precipitation is 330 
mm. There was 196 mm precipitation in the 
1954 vegetative period; the largest percentage 
was in August —90 mm. There was even more 
precipitation (259 mm) for the same period in 
1956. At the same time agricultural crops often 
suffered from moisture deficiency, since in 
May and June there was frequently very little 
rainfall. Thus, from May 1 — August 15, 1955, 
there was only 56 mm precipitation with 9 mm 
in May and 13 mm in June. 


One might suppose that fallow cultivation 


‘Reported at the First Delegates' Session of Soil 
Scientists, May 1958, 
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contributes to moisture accumulation in the 
soil. However, under Northern Kazakhstan 
conditions during a vegetative period (May — 
August) fallow fields in moist years lost 
almost all precipitation occurring during this 
period to evaporation and during relatively dry 
years lost all precipitation and a certain per- 
centage of soil moisture from the spring sea- 
son. Thus, from June 15 — August 15, 1954, 
there was 89 mm precipitation. During this 
time moisture content in the soil increased by 
only 14mm. Seventy-five mm or 84% of pre- 
cipitation evaporated. From August 15 — Oc- 
tober 1 (when the ground began to freeze) there 
was 96 mm of precipitation. Only 54 mm had 
been accumulated by the soil. Even in the 

fall a little more than 50% precipitation is 
accumulated. In the dry year 1955, from June 
15 — August 15 there was 21 mm precipitation, 
and moisture content in the soil decreased 34 
mm. Thus, fallow fields in the summer may 
lose large amounts of moisture that cannot be 
made productive. 


We cannot assume that the problem of mois- 
ture accumulation on fallow fields at the ex- 
pense of the snow cover, has been adequately 
explained. Our data show that intake of melted 
snow is a function of the extent of soil moisture 
at the time the ground begins to freeze. The 
more moisture the soil has under the snow cove 
the less are the amounts of melted snow absorbs 
by the soil. Table 2 gives data on spring and 
fall soil moisture contents in fallow fields of 
cultivated virgin lands. 


On Field No. 1 the upper 50 cm soil layer be 
fore freezing was saturated at field moisture 
capacity. There was also much moisture in the 
lower lying layers, although less than field 
moisture capacity. Spring soil moisture con- 
tent on this field was only 23 mm more than 
fall moisture content. If we consider that froze 
soils with moisture exceeding field moisture ca 
pacity do not have any appreciable water perme 
ability, and that snow leaves the fields before 
the upper soil layers thaw out, then we have to 
admit that almost all the melted snow in this 
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Table 1 


Water-physical indicators of ordinary chernozem 


| Maximum Moistureat Field 
hygro- permanent moisture | Total 
scopicity | wilting | capacity | porosity, 


i 


g/cm! % by volume 


Particle Bulk 
density | density 


O==10 
AQ 20) 
20—30 
30—40 
40—50 
50—60 
60—70 
70—80 
80—90 
9g9— 100 

HOO AN0) 
OZ 20 
420—130 
430— 140 
14.0—150 


>) 


PD ee Ne 
COW CO CON Non COWEN 
OUReEMNwOMA 


CONN CO « 


Se 


it 
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saturated state. By spring,soil moisture con- 
tent increased 87 mm. When working on snow 
retention on fallow fields we must consider soil 
moisture at the time the ground is freezing. If 
: : - soil moisture of the upper layers reaches field 
Field No. 1 Field No. 2 moisture capacity when the soil freezes, snow 
10-1-54| 5-2-55 retention, from the moisture accumulation 
standpoint, will be little effective in this case. 
0—50 Fd Fallow fields accumulate the precipitation in 

=, oe two periods — fall and winter. It is evident that 
o0—100 : : : * 
) in some cases soil on fallow fields will freeze 
100—150 ; : 

when moisture of the upper layers of soil pro- 


Table 2 


Soil moisture content, mm 


Table 3 


Change in soil moisture during vegetative period* 


Depth, Moisture content, mm 
cm _Atfieldmoist May 5 |May 11] June 3 |June 27 | July 1 jJuly 27| 
capacity i 
0—50 477 | 494 | 180 | 468 | 403 87 | 110 
96 AaB 99) 87 22 6 29 
50-100} 168 158 Ui 170 w\tA73 adi chbly (imd44.) A838 
62 52 64 67 45 38 gt 
100—150 | al NDE 159 = 151 fe 158 
| OL 45 4 41 48 


4Numerator is the total moisture content; denominator is the 
available moisture. 


e either flows away or evaporates. files correspond to field moisture capacity. 
We see a different picture on Field No. 2. Under Northern Kazakhstan conditions, the 
1955 the soil under snow was left in an un- moisture cycle of soil-plant-above air, the 
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grain-crops will utilize the moisture in a one 
and one-half meter layer of soil. Ordinarily, 
we might assume that the more moisture ac- 
cumulated in this layer the higher the yields. 
But we observe cases under natural conditions 
when this situation cannot be considered reli- 
able. As an example, let us look at the data in 
Table 3 on the change in soil moisture for the 
1955 growing period on a field of spring wheat 
sown from fallow cultivated virgin land. 


In the spring, the available soil moisture 
content with the root layer exceeded 200 mm and 
approached the amount at field moisture capa- 
city. The 1955 growing period was character- 
ized by extreme drought. Despite the fact that 
we had the highest possible amount of available 
soil moisture at the start of the growing season, 
spring wheat was subject to an extremely low 
moisture supply. Even during this exceptional- 
ly dry year large amounts of available moisture 
in the root zone were not utilized. Moisture 
was used in transpiration and evaporation only 
from a meter of soil layer. In the 0-50 cm 
layer all available moisture was used by August 
1, while in the 50-100 cm layer a little more 
than 50% of moisture was used by the end of 
the growing period. The moisture in the 100- 
150 cm layer during a whole growing period did 
not fall below 90% of field moisture capacity. 


This is explained by the fact that when the 
secondary root system was formed, the surface 
soil layer within the tillering zone was dry. As 
a result the secondary roots were not able to 
form and the primary roots proved to be clearly 
incapable of using the small amount of available 
moisture in the soil. The rainfall at the end of 
June was responsible for the formation of sec- 
ondary roots, but these roots were unable to 
penetrate the already relatively dry layer to 
the lower-lying moist layers. The secondary 
roots remained in the soil layer nearest the 
surface and were able to utilize only the small 
amount of moisture from precipitation, as has 
already been mentioned. Inasmuch as the basic 
amount of moisture enters the plant through 
secondary roots, it becomes evident that, des- 
pite most severe drought, large amounts of 
moisture within the root zone were not utilized. 
Consequently, the contents of available mois- 
ture in the soil may be used only when the plant's 
secondary root system is formed at the oppor- 
tune moment. Moisture flow in a liquid state 
in ordinary fine clay loam chernozems toward 
the evaporating or root horizon, can occur only 
when soil moisture is 80% of field moisture ca- 
pacity. When it is below this amount, moisture 
absorption by plants from different horizons 
occurs only when the root hairs penetrate the 
horizons. And from a depth of one meter, when 
moisture is less than 0.9 of field moisture ca- 
pacity, soil moisture cannot move upward ina 
liquid state. 


Hence, there is a need to study the reaction 
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on formation conditions of the secondary roots 
of grain crops. As our studies have shown, the 
creation of a relatively compacted layer in the 
plowed layer within the tillering zone contri- 
butes to a vigorous formation of secondary 
roots. 


In 1956, after sowing spring wheat a part of 
the field was rolled with smooth water-filled 
rollers (ZKVG 1.4). Asa result of rolling, an 
intermediate compaction was formed in the 
plowed layer. (Table 4). 


Even within the moisture deficient zone, 
spring moisture contents always assured ger- 
mination. But often when they tillered, and, 
consequently, when secondary roots were 
formed, the tillering nodes appeared in the 
already dry soil and secondary roots were not 
formed. 


The compacted layer formed by rolling is 
responsible for the favorable redistribution of 
soil moisture. Total moisture consumption 
(evaporation and transpiration) on rolled and 
non-rolled strips was approximately the same 
and amounted to 339 and 331 mm, respectively, 
while moisture content in the plowed layer for 
an entire growing period on a rolled strip was 
higher (Table 5). 


It is quite obvious that a plant having a more 
developed root system will also be more pro- 
ductive. If a yield of 12.5 cntr/ha were obtaine 
from a non-rolled strip the yield from a rolled 
strip would be 14.9 cntr/ha. 


Thus, the presence in the plowed layer of 
a relatively compacted layer is a necessary 
condition for the growth and development of 
grain crops. 


If the growth and development conditions of 
grain crops are more favorable with a relative- 
ly compacted structure of the plowed layer than 
with a friable structure we have a right to ex- 
pect a somewhat higher yield from a shallow- 
plowed stubble than from a field deeply plowed 
in the fall. Our observations over a three-year 
period show that on ordinary chernozems of 
Northern Kazakhstan spring wheat yields from 
a shallow-plowed stubble field are either equal 
to or somewhat higher than yields from a fall- 
plowed field. A marked difference in plowed 
layer compaction on the fall-plowed field and 
on shallow-plowed stubble field is still seen by 
sowing time. 


The moisture difference remains wherever 
there is snow retention (Table 6). In 1954 ther 
was snow retention and in the spring we noted 
a somewhat larger moisture content on the fielc 
plowed in the fall. In 1955 and 1956, snow was 
not retained. In this case there were larger 
moisture contents from the shallow-plowed 
stubble field. 
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Table 4 


Effect of rolling on soil compaction in plowed layer and root 
growth 


F 0O .~ in [ per m: ing 
Bulk densit 3 P 
Depth, Ms ensity, g/cm’ |the boot Tae 10-20 ¢ 
Pine Without | Without 2 
rolling | By rolling rolling | By rolling 
0—5 0.90 0.97 80 104 
Fi) 0.95 4.06 
AO 15 0.95 03 57 82 
45—20 0.99 AL Oe 
= 
Table 5 


Effect of rolling on the moisture content of the plowed layer 


ree om content, mm, in 0-20 cm soil layer 
fe) 


ay 17| June 6 June 20,uly 4 July 31lAug. 10 Aug.2 


! | 
i i 


Rolled HSS || GOB | BH | 420 | 40.6 | 37.38 | 29.7 


Non-rolled G5e5. oars | 200m eels 7 T4520) | eodc4n) 2Or6 


Table 6 


Moisture contents, mm* 


in fall 


100—150 


Depth, | Field Field Fd. plowed infall| Stubble 
cm ploweda||Stubblellsplowedi|Stubb]e} sass pees | eon tne 
jnerail May 14 Aug. 20| May 14 |Aug. 20 


Spring 1954 Spring 1955 1956 


4numerator is the total content; denominator is the available moisture. 


The effect of a relative compaction of plowed 
er on a spring wheat harvest is most clear- 
seen in the 1956 experiment. Total moisture 
sumption determined by water balance from 
fall-plowed field and from the shallowed- 
wed stubble field was approximately the 
ne and equalled 336 and 354 mm respective- 
But if we consider that large amounts of 
ilable moisture in the 50-150 cm layer were 
utilized by the end of the growing period we 
uld admit that spring wheat in both experi- 
nts did not experience moisture deficiency. 
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Plants were under similar moisture supply 
conditions, but under different soil compaction 
conditions. A relatively compacted plowed 
layer from shallow-plowed stubble field proved 
more favorable to plants than the friable struc- 
ture from the fall-plowed field. The yield from 
the shallow-plowed stubble field (19.4 cntr/ha) 
was 2.5 cntr/ha higher than the yield from the 
fall-plowed field. 


The experiment shows that we can obtain 
very different yields when we cultivate virgin 
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land. These variations in yields depend mainly 
on the methods used to cultivate virgin soil. 
Most agricultural specialists are of the opinion 
that we should till or plow virgin lands with 
plows and coulters. Moreover, we must see to 
it that the sod is fixed as best possible in the 
lower part of the plowed layer. T.S. Mal'tsev 
expressed a different opinion. According to 
him, cultivation of virgin land should consist of 
sod disking and deep plowing without moldboard. 


In 1955, virgin soil was cultivated according 
to type of fallow as follows: 1) usual plowing 
and 2) disking without turning over the soil. 
Moisture content decreased in both of these ex- 
periments during the course of a year. After 
60 summer days, soil moisture losses from 
deep plowing were 550 m3/ha and from usual 
plowing, 380 m3/ha. Moisture contents were 
increased from the melted snow and early spring 
precipitation by 88 mm with deep plowing and by 
103 mm with usual plowing. 


At the beginning of the 1956 growing period 
(Table 7) soil moisture contents in the root zone 
from experimental treatments corresponded to 
field moisture capacity. 


fields during the summer. Moisture accumu- 
lates from fall-winter spring precipitation; 
moreover, the more moisture in the soil when 
the ground begins to freeze the less the soil 
stores melted snow. There may be cases when 
all melted snow either flows down the slope or 
evaporates. 


2, On well-structured ordinary chernozems, 
moisture movement in a liquid state to the evap 
orating or root horizon ceases when soil mois- 
ture is 0.8 of field moisture capacity. Below 
this limit moisture consumption from different 
horizons of the soil profile occurs only if, by 
chance, the root hairs penetrate the horizons. 


3. The presence in the soil of the highest 
possible moisture content does not as yet de- 
cide the crop yield. The use of available mois- 
ture depends on how opportunely plants form a 
secondary root system. When secondary roots 
are formed, grain crops utilize all available 
moisture from a one and one-half meter layer 
of soil; otherwise, even under dry years, 
large amounts of available moisture in the root 
zone will not be utilized by the end of the grow- 
ing period. 


Table 7 


Moisture contents at beginning and end of vegetative period* 


May 3 August 22 

eee Deep Usual Deep Usual 
plowing tillage plowing tillage 

0—50 181 212 90 93 
103 134 ei2 e412 

50—100 167 162 120 114 
61 “56 we oom 

100—150 153 161 160 158 
“43 hi 50 48 

P ahven 

By the end of the growing period 4. The notion of most vigorous growth of 


practically all available 
used up from a meter 
spring wheat yield with usual plowing was 
2.6 cntr/ha higher than with deep plow- 
ing. (18.8 and 16.2 cntr/ha) with total 
moisture evaporation almost equal (398 

and 424 mm.). 


moisture had been 
of soil layer. The 


Conclusions 


1, Moisture loss, rather than moisture ac- 
cumulation in the soil takes place on fallow 
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root system of grain crops in well-loosenet 
soil cannot be assumed to be reliable. On 
the contrary, the root system is developed 
better in more compacted soil. 


5. The usual type of plowing should re- 
main the principal method of cultivating 
virgin lands on ordinary chernozems of 
Kokchetavskaya Oblast'. Deep plowing with- 
out moldboard, from the standpoint of 
creating a favorable water regime and 
physical conditions, is not preferable to 
usual plowing. 


Received September 12, 1958 


\OVEMENT OF VAPOR MOISTURE IN UPPER SOIL LAYERS 


.N. ONCHUKOV, Institute of Higher Education, Ministry of Interior 


We note in upper soil layers a most intensive 
velopment of heat and moisture transfer both 
the form of liquid and vapor. 


Lebedev (1, 2) was the first to study vapor- 
oisture movement in the soil under natural 
mditions. Other studies were concerned pri- 
arily with vapor moisture movement in soil 
mples and in soil models. 


Our objective was to study the moisture 
ovement processes in the soil under field 
nditions and to examine the patterns and rate 
these processes, in order to regulate them 
id to attain high crop yields. The results of 
ir studies on heat and moisture transfer in 
e soil, obtained at the Krymskaya Experiment 
ation for Melioration, have been published in 
.earlier paper (5). We will show the results 
studying patterns of diurnal vapor-moisture 
ovement. 


To understand fully moisture movement in 
por form, we must have data on the temper- 
ure of the soil skeleton and on air parameters 
soil pores at various depths for several diur- 
l cycles. Methods used to obtain these data 
ve been described elsewhere (5); therefore, 
> will be concerned only with the method used 
measure parameters of air in soil pores. 


We used copper-constantan thermocouples 
th a 0.15 mm wire diameter to measure the 
mperature of air in the pore. Working junc- 
ms of thermocouples were shielded from 
ming into contact with soil by ampoules con- 
ructed from a metallic screen (grid). We 
ose fairly small size ampoules to model the 
il pore. Each ampoule was secured to a 
1all glass receptacle. The water could be 
ought out of the receptacle towards the junc- 
m by cotton threads and thus constantly mois- 
1 the junction. We eliminated the effect of 
ter evaporating directly out of the recepta- 
> by tightly fitting the cotton threads (of the 
ck) into the outlet of the receptacle. 


This arrangement of thermocouple junctions 
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enabled us to measure the temperature differ- 
ence between the dry-bulb thermometer (te) 
and wet-bulb thermometer (ty) of porous soil 
air at various depths, to determine its satura- 
tion at these depths, and the saturation change 
during a 24-hour period, and to establish the 
condensation possibility of the water vapors in 
the pore air. 


This thermocouple arrangement was set up 
on a cultivated experimental field at depths 5, 
10, 15, 25, 40 and 60 cm from the surface; hour- 
ly measurements were taken for a period of 
several days. 


Additional te and tr; measurements of air 
above the soil were taken with an Assmann 
psychrometer 1 cm from the soil surface in 
order to compare the psychrometer readings 
and to show the relationship of porous soil air 
to air above the soil surface. In addition, we 
measured the temperature of soil particles 
at all depths given. The experimental data 
are given in diagrams and tables. 


The curve of changing psychrometer differ- 
ences in air temperatures of the surface soil 
layer, constructed from thermopsychrometer 
readings coincides with the curve of changing 
psychrometer differences in atmospheric air 
constructed from Assmann psychrometer read- 
ings. The data show that a change in the un- 
saturated state of porous soil air gradually 
disappears with depth, and over a 24-hour 
period. At night for pore air of soil surface 
layers te < tm, which apparently, can be ex- 
plained by vapor condensation. 


To clarify the processes of vapor transfer in 
the surface soil layers during a period of 24 
hours, we further processed the experimental 
data, and, using Shprung's formula, computed 
the partial vapor pressure at different soil 
depths: 


Py = Py, — 0.504 ain (te — tm) 


where: P., = saturated vapor pressure using 
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the wet-bulb thermometer temperature in mm 
of mercury; B = barometric pressure in mmof 
mercury. 


We also computed the relative humidity of 
pore air and the nonisothermic vapor transfer 
potential (effusion) in the soil microcapillaries: 


6=Py 
Vv T 
For comparison purposes, all parameters of 

above-soil air were also calculated. Table 1 
gives data for one 24-hour period; from these 
data we see that at a depth of 25 cm soil air 
remains completely saturated for 24 hours. 
Partial vapor pressure and the nonisothermic 
vapor transfer potential 


§6=Pn 
TAN 


in each soil layer varies during the 24-hour 
period approximately according to sinusoidal 
law. The ascillation of amplitudes decrease 
with depth and changes with time. We do not 
see the maximum oscillation amplitude on the 
soil surface but at a depth of 5 cm from the 
surface. By magnitude and direction of para- 
meter gradients we can determine the direc- 
tion and rate of vapor transfer in the soil for 
a 24-hour period, i.e. , we can get a complete 
picture of diurnal patterns of vapor transfer in 
the soil. 


At night and in the morning when the soil 
surface is cooled and partial vapor pressure 
is greater below the surface than at the surface 
(Table 1), vapor transfer occurs within the soil 
surface. During the day and in the evening 
vapor transfer occurs in two directions; above 
and below the layer having the maximum par- 
tial pressure. Inasmuch as the surface layers 
are more friable and the partial pressure gra- 
dients and vapor transfer potential in the 0-5 cm 
layer from the surface, are several times 
greater than the gradients and potential in the 
deeper layers, it stands to reason that there 
will be a more intensive transfer of vapor to- 
wards the soil surface and into the air above 
the soil. 


This non-stationary process of vapor trans- 
fer in the soil affects the moisture content of 
soil-pore air within the layers of soil and in 
different ways alters the moisture content of 
soil air during a 24-hour period. The diurnal 
changes in the relative humidity of soil-pore 
air at various depths can be seen in Figure 1. 
For purposes of comparison, we have plotted 
on this graph a corresponding curve showing 
the change in relative humidity of air above the 
soil (atmospheric air). 


As we can see from Figure 1, (x=0) the 
relative humidity of air on the soil surface 
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depends on, but is always higher than, atmos- 
pheric air humidity. As layer depth increases, 
pore-air humidity increases and below 25 cm 
it is permanently_équal to 100%. 


If we consider that evaporation occurs from 
the surface of soil particles where ¢ <100%, 
i.e., the air is unsaturated, we see that in this 
experiment moisture begins to evaporate in the 
soil at a depth of 5 cm in approximately 8 hours 
and 30 minutes, at a depth of 10 cm in 9 hours 
and 30 minutes, and at a depth of 15 cm in 12 
hours, i.e., the evaporation zone moves deeper 
into the soil. Shift of the relative humidity 
minimums of porous air is also evidence of this. 
At night the soil-pore air in this experiment was 
completely saturated at all depths up to the very 
soil surface; therefore, if the temperature of 
the soil particles is lower than the temperature 
of pore air, vapor condensation on the particle 
surfaces is inevitable as is the moistening of 
soil surface layers by vapor transfer from 
deeper layers, where at night we find higher 
temperatures. As experiments have shown, 
moisture in the soil surface layers increased 
2.5%-3% due to vapor condensation at night. 


We found a linear relationship between time 
and change in depth of evaporation and conden- 
sation zones (Fig. 2 


The rate varies at which evaporation and 
condensation zones deepen (tangent of slope 
angle of straight lines to time axis). This co- 
incides with the different length of time of 
warming and cooling soil over a 24-hour period. 


From these experiments we can conclude thai 
vapor moves at night within the soil towards the 
soil surface. Vapor moving from the warmer 
deeper soil layers encounters cold soil layers 
and condenses on its way, thus contributing to 
the moistening of surface layers and to tem- 
perature compensation according to depth by 
heat of the phase transformation. Some of the 
vapor, unable to be condensed, passes between 
the structured crumbs of the soil surface 
layers and escapes into the atmosphere. 


Intensive moisture evaporation begins at 
sunrise and when the soil begins to be warmed. 
The porous air of the surface layer becomes un- 
saturated, the evaporation zone gradually deep- 
ens, and moisture accumulated during the cool- 
ing period evaporates into the air surrounding 
the structured soil units and is carried off by 
natural convection currents being developed in 
the 0-5 cm layer. Some of the vapor moisture 
may move into the lower-lying soil layers. By 
increasing the humidity of the pore air to 100% 
(¥) and by encountering cold layers, water 
vapor will be condensed and will increase the 
moisture content of soil somewhat at depths of 
10 to 30 cm. The evaporation zone does not go 
more than 25 cm below the soil surface. When 
soil surface temperature begins to drop, this 
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- Distribution of the evaporation 


and condensation zone of moisture according 
to soil depth for a 24-hour period. 


| - Evaporation zone; 


zone. 


process ceases and a one-way vapor movement 
towards the soil surface takes place, which is 

observed to occur at night. This is how vapor 
moisture moves in the upper soil layers. 


Received May 20, 1958 
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IRST ALL-UNION CONFERENCE ON PROBLEMS OF 


OIL ZOOLOGY 


1.8. GILYAROV 


The first All-Union Conference on Soil Zoo- 
ogy was held December 25-29 at the Institute 
f Animal Morphology (Academy of Sciences, 
ISSR) in Moscow. The 115 delegates partici- 
ating were workers from scientific institutions 
nd teachers from 33 universities. Represented 
t the meeting were almost all the academies of 
ciences of the Union republics, three affiliates 
f the USSR Academy of Sciences, and a number 
f universities and agricultural institutes. 


Riga, Dnepropetrovsk, Kiev, Kazan', Lenin- 
rad, and L'vov were represented by large 
roups of delegates. Among the participants 
rere 26 Ph. D's and 50 graduate students. 


Ye. N. Mishustin, Associate Member of the 
.ccademy of Sciences, USSR, opened the con- 
2rence, remarking that development of soil 
iology had in the past been one-sided: re- 
earch was devoted exclusively to the micro- 
iological processes occurring in soil, and 
nly a few investigations dealt with the role of 
nimals in soil formation. Mishustin empha- 
ized the need for a broad program of research 
1 soil biology and the importance of soil zoology 
1erein. 


M.S. Gilyarov's (Moscow) report gave in- 
ight into the achievements and problems of 
oil invertebrate research. Soil invertebrates 
re studied both as factors in the improvement 
f natural soil fertility and as enemies of agri- 
ultural crops and forest plantations. The re- 
ort noted that, during the last ten years in the 
SSR and somewhat later elsewhere, soil zoolo- 
y has developed into a new and independent 
iological discipline. 


A series of reports was devoted to evalua- 
on of the important role of invertebrates in 
oil formation. A.I. Zrazhevskiy (Kiev) dem- 
astrated the contribution of invertebrates to the 
rtility of forest soils and suggested possible 
ays of controlling their useful activity. S.I. 
onomareva (Moscow) explained the role of 
arthworms in raising the fertility of sod- 
»dzolic soils, supporting by means of chemical 
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and microbiological analytical data the results 
of vegetative and field experiments. V. F. 
Nikolyuk (Tashkent) described the role of soil 
protozoa in the rhizosphere of cotton plants 
growing in irrigated sierozems. B. M. Mama- 
yev (Moscow) traced the natural destruction of 
wood in deciduous forests by insects. The re- 
port of G. F. Kurcheva (Moscow) was of great 
interest. He demonstrated by ingenious field 
experiments that oak-forest litter containing a 
natural soil fauna decayed five times more in- 
tensely than when only fungi, bacteria, and 
actinomycetes were present. The effect of soil 
life upon the forest vegetation-supporting prop- 
erties of soil was shown by the reports of I. I. 
Gordiyenko and V.I. Grimal'skiy (Kiev). 


In many reports the effects of various 
methods of cultivation upon the soil fauna were 
analyzed. 


S.G. Bobinskaya (Leningrad), M.A. Aleyni- 
kova (Kazan'), and E. E. Geshale (Omsk) pro- 
duced data showing that application of the T.S. 
Mal'tsev cultivation system resulted in an in- 
crease in predatory ground beetles, which 
contributed to reduction in the number of wire- 
worms and other pests. 


Interesting data on the population dynamics 
and vertical migration of various ecological 
groups of invertebrates under grass-crop ro- 
tations were presented by V. K. Baluyev (Ivan- 
ova). The work of I. M. Pod'yakonova (Khar'- 
kov) was devoted to the distribution of wire- 
worms in the soil of fields under crop rotation. 
V.G. Shurovenkova (Kurgan) studied the effect 
of soil cultivation on harmful and useful soil 
fauna. 


Zoologists from Dnepropetrovsk told of the 
formation of protozoa (L. V. Reyngard) and in- 
sect (A.G. Topchiyev) complexes in forest 
plantations of the steppe zone. 


Information on the control of soil-inhabiting 
pests was provided by the report of B. V. Dob- 


rovol'skiy (Moscow State University, He pointed 
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out the undesirability of continuous application 
of poisons to the soil and the effectiveness of 
small local applications. A.V. Ponomarenko 
(Rostov) presented the results of experiments 
conducted over a long period involving banding 
with hexachlorane; and Z. A. Gushcho (Voronezh) 
told of experiments using various insecticides 
against soil pests. 


A special session was devoted to the May 
beetle. Speakers Ya.I. Tsinovskiy (Riga), 
A.M. Shutyayev (Kursk), A.I. Vorontsov, and 
Ye. G. Mozolevskaya (construction specialist of 
Moscow Region), P. T. Korduba (L'vov), and 
others showed a high level of knowledge about 
soil( invertebrate complexes in a number of 
districts in various natural zones of the coun- 
try. A.I. Cherepanov reported on study of the 
soil fauna of Western Siberia; I. V. Stebayev 
(Moscow) discussed fauna of the tundra region; 
and Ye. M. Chernova, T.S. Perel', and L.S. 
Kozlovskaya (Moscow) dealt with taiga-soil 
fauna. 


An interesting series of reports on soil fauna 
of the Tatar SSR was presented by Kazan' zoolo- 
gists M.M. Aleynikova, V. V. Izosimov, N. M. 
Utrobina and T.S. Izotova. A. F. Kryshtal' 
(Kiev) reported on his many years of studying 
soil fauna of the Dnieper region. Communica- 
tions from Ya. V. Britskiy (L'vov), V.G. Dolin 
(Kiev), V. F. Paliy (L'vov) and others were 
devoted to the distribution in soils of individual 
groups of insects. 


Riga zoologists (V.K. Eglitis, Dz. K. Kak- 
tyuya, and others) conducted an especially 
thorough study of soil fauna in the Latvian SSR. 


Surveys of individual groups of soil inverte- 
brates were carried out throughout the country: 
on earthworms, by I. I. Malevich (Moscow); on 
diplopods, by I. Ye. Lokshina (Moscow); and on 
springtails, by A. P. Grinbergs (Riga). 


The young investigators L. M. Semenova 
(Moscow) and I. A. Ovchinnikova (Leningrad) 
reported on the permeability of the shells of 
soil insects. The morphology of certain soil- 
insect larvae was analyzed by I. Kh. Sharova 
and N. P. Krivosheinaya (Moscow). 


Notable amoung the methodological reports 
were: a study of soil amoebae, by Yu. G. 
Gel'tser (Moscow); a report on methods of esti- 
mating the number of nematodes, by E. L. 
Krall' (Tartu); and a paper on the rearing of 
click beetles, by A.S. Kosmachevskiy (Kras- 
nodar), 


Information on current and planned studies 
of soil fauna was presented at the meeting by 
A.T. Tulyaganov (Samarkand), D. N. Kobak- 
hidze (Tbilisi) and others. 


The foregoing account illustrates the variety 
of topics considered at the meeting as well as 
the achievements in the field of invertebrate 
studies. 
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On the other hand, the conference pointed 
up a number of deficiencies in current work on 
soil zoology. Above all, it became apparent 
that in various scientific centers work on this 
subject was being carried out without the neces- 
sary coordination; the choice of questions for 
study was often accidental; there were no uni- 
fied methods of research. Therefore the reso- 
lution accepted by the conference requested 
that the study of living soil organisms as a 
factor in soil fertility and formation be isolated 
as an independent problem to be coordinated by 
the Academy of Sciences, USSR. 


The conference asked the presidium of the 
Academy of Sciences, USSR, to make the 
Institute of Animal Morphology (the Labora- 
tory of Soil Zoology) responsible for coordin- 
ated work on this problem. 


Inadequate coordination of soil and zoology 
work was also observed in the majority of 
academies of sciences, in universities with 
biology and soil science faculties, in agricul- 
tural institutes, and in the Ukrainian Academy 
of Agricultural Sciences. The last possesses 
all the facilities necessary for organizing com- 
plex and effective studies of the soil-forming 
activity of soil fauna. 


The conference drew special attention to 
the necessity of studying the effect of pest- 
control measures on useful soil-forming or- 
ganisms (with emphasis on chemical methods). 


Staffs of systematic zoologists and special- 
ists on groups of soil-forming organisms must 
consider the situation. A body of soil zoologists 
must also be trained. 


Departments of zoology and soil science of 
universities, pedagogical and agricultural 
institutes were advised to include subject 
matter dealing with soil organisms, and their 
soil-forming activity in departmental programs. 
It was also recommended that they provide 
similar subjects to the students for degree and 
course work. 


It was also decided to prepare manuals on 
methods of soil-zoology research, keys to 
soil fauna, and guides to the mapping of data 
from soil-zoology surveys, etc. 


The conference was the first organized step, 
both in the consolidation of the varied cross 
section of researchers working on soil fauna, 
and in the direction of work towards the solu- 
tion of basic problems confronting Soviet 
agricultural biologists. 


A Committee on Soil Zoology was formed 
at the conference (as a part of the Third Com- 
mission of the All-Union Society of Soil Scien- 
tists, in accordance with the structure of the 
International Society of Soil Scientists). 


The next or second conference on soil zoolo- 
gy will be held in Kiev in 1961. 


| 


| 
! 
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OBITUARY 


WIKOLAY ALEKSANDROVICH DIMO 


On March 15, 1959, following a serious ill- 
ess, an outstanding scientist died — soil sci- 
ntist and agronomist, active member of the 
ASKhNIL,! Doctor of Geological and Miner- 
logical Sciences, Director of the Soil Institute, 
Mioldavian Branch), Academy of Sciences, 

SSR, and Head of the Department of Soil 
cience at Kishinev State University — Professor 
ikolay Aleksandrovich Dimo. 


On the 30th of November, 1958, the scien- 
fic community of our country observed the 
oth birthday of Nikolay Aleksandrovich and 
ommemorated his 60 years of scientific, 
edagogical, and public service. 


N. A. Dimo began his first scientific investi- 
ations at the end of the last century under the 
irection of V. V. Dokuchayev and N.M. Sibir- 
sev, and to the end of his life he was full of 
nergy and creative plans. All his efforts were 
irected towards applying the achievements of 
9il science to various branches of the vigor- 
isly developing socialistic agriculture of our 
ountry. 


During his 60 years of work, N. A. Dimo 
mncerned himself with many problems of soil 
tience. More than 200 publications can be 
tributed to him, and he compiled dozens of 
)il maps of various scales for many areas. 


The basic scientific activities of N. A. Dimo 
sparted as follows: 


1. The soil geography of various districts 
our country (chernozem and forest-steppe 
mes within the former Saratov, Penza, and 
hernigov provinces; the Caspian lowland; 
entral Asia; and Transcaucasia). 


In 1899 Dimo began detailed and systematic 
il studies of the former Saratov province, 
Japting and perfecting a research methodology 
veloped by Dokuchayey and his students in 


[All-Union V.I. Lenin Academy of Agricultural 
ences. 
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Nizhegorod and Poltava provinces, Dimo in- 
vestigated the natural history of Saratov pro- 
vince. He gradually advanced from field sur- 
veys to basic research studies at permanent 
stations. In all, soil maps of every district 
(at a scale of 3 versts to the inch) were com- 
piled either by N. A. Dimo or under his direc- 
tion (by I. A. Shul'ga, T. P. Gordeyev, and 
others). These maps, which revealed the 
basic patterns of soil geography of the area, 
were original, enlightening, and superior in 
observation technique. A valuable feature of 
the maps was the designation of arable soiis. 


In 1908 he published the great work, Geo- 
graphical sketch and classification of the soils 
of Saratov province. Here for the first time 
in our scientific literature were disclosed the 
geographical patterns of the gray forest soils, 
chernozems, chestnut soils and solonetz com- 
plexes; moreover, the conditions under which 
transitions from one to another occurred in the 
vast expanse of southern Volga region were de- 
termined. 


From 1909, N. A. Dimo headed a large 
group of scientific workers who conducted soil 
and other natural-history surveys in the for- 
mer Penza and Chernigov provinces. Among 
these workers were: geologists A.D. Arkhan- 
gel'skiy, G. F. Mirchink, and F. P. Savaren- 
skiy; geographers L.S. Berg and A.A. Borzov; 
the botanist I. I. Sirygin; and soil scientists 
I. A. Shul'ga, V. V. Gemmerling, M.M. Fila- 
tov, A.M. Porubinovskiy, and others, 


Along with other important workers, N. A. 
Dimo began a systematic survey of the soils of 
Central Asia in 1908. The basin of the Syr- 
Dar'ya and Amu-Dar'ya Rivers received special 
attention because of the development of cotton 
crop and the need to work out basic principles 
for irrigation. After the October Revolution 
Dimo continued these surveys, using an unusual- 
ly large scale. By this time he was permanent- 
ly employed in Tashkent at the Turkestan (now 
Central Asian) State University, which was 
created according to the instructions of V. IL 
Lenin. His part in organizing this first institu- 
tion of higher education in Central Asia was 
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exceptionally valuable. From 1920 to 1921 he 
was its head, and during the ten years up to 
1931 he directed the Faculty of Agronomy, the 
Department of Soil Science, and the Scientific 
Research Institute of Soil Science and Geobotany. 
The last of these positions was of the greatest 
importance in the development of soil studies in 
Central Asia. 


N. A. Dimo surveyed the soils of Central 
Asia with the help of his students, among whom 
were M.N. Voskresenksiy, K. M. Klavdiyenko, 
M.A. Orlov, and A. N. Rozanov. 


Soil maps at various scales of almost all the 
districts of Central Asia were compiled by 
Dimo. Two maps were especially interesting: 
his composite soil map of all Central Asian re- 
publics, at a scale of 1:1,000,000 (1927), which 
was displayed at the First International Congress 
of Soil Scientists in Washington; and his first 
soil map of Turkmeniya. 


His works on the division of Central Asia 
into natural-history districts were of great 
practical value, as was his detailed estimate 
of the land resources available for both dry 
and irrigated farming. In addition, he drew at- 
tention to the cultivated soils of oases, remark- 
ing how they differed from the zonal sierozem 
soils of this area. He was the first to deter- 
mine that the progressive increase in the amount 
of clay in oasis soils was the result of 1) silt- 
ing caused by irrigation water and 2) intensive 
chemical weathering in soil formation. 


N. A. Dimo did much to increase the under- 
standing of Transcaucasus soils (1932-1944), 
He helped to resolve the Kura-Araksin prob- 
lem, and studied in detail the soils of Northern 
Mugana in Azerbaydzhan and the Kolkhida low- 
land. 


2. Soil and Vegetation Complexes. While he 
was still working in Saratov province, Dimo and 
the famous botanist B. A. Keller ascertained for 
the first time in scientific history the character 
and patterns of the soil and vegetation complexes 
found in the Caspian Sea lowland. Their widely 
known joint work, In the semidesert region, was 
the product of this important investigation (1907). 


N. A. Dimo developed methods of mapping 
soil complexes both at scales previously used 
and at completely new ones: at very large 
scales or at "super scales, '' for example in 
scales ranging from 1:1,000 to 1:336 and even 
larger. He also proposed (and it was later 
adopted) the general use of a method of compil- 
ing soil-geomorphological profiles based on 
instrumental leveling. 


The council of Novo-Aleksandriyskiy Uni- 
versity of Agriculture and Forestry valued 
highly the monograph In the semidesert region 
and awarded the author its first N. M. Sibirtsev 
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prize. B.B. Polynov wrote that ''the appear- 
ance of this book was an exceptionally great eve 
in our science and at once elevated N. A. Dimo 
into the ranks of leading scientists. ''2 In fact, 
the data and conclusions of this work are still 
very widely used both for soil, botanical, and 
geological studies and in large-scale soil and 
botanical surveys. In 1953 Dimo published 

his great work, The complexity and discontinu- 
ity of soils on the right side of the Alazani 
valley. 


3. Saline soils. Saline soils, their classi- 
fication and geographical distribution had re- 
ceived little attention before Dimo's studies. 
No strict distinction had even been made be- 
tween solonetz and solonchak soils. In his 
study of the soils of Saratov province (especial- 
ly in the former Tsaritsyn district, in the vi- 
cinity of Sarepta), a large and varied amount 
of material was collected describing saliniza- 
tion phenomena. The soil portion of the book 
In the semidesert region was filled with analyti- 
cal data on water-soluble substances unusual 
for that time, and this explained a number of 
problems concerning dynamics and salt move- 
ment in saline soils. Then followed the richest 
addition to literature on the saline soils of 
Central Asia. Dimo's well-known summary 
report, Principal groups of soil and subsoil 
salinization in Russia (1914), was the result 
of many years of work on saline soils. Here a 
sharp distinction was made between solonetzes 
and solonchaks; the variety of these and other 
soils were described; the geographic (zonal) 
distribution patterns in Russia of the various 
types of saline soils were determined; anda 
nomenclature preserved to this day was pro- 
posed for them (for example, columnar, crusty 
solonetzes, etc. ). Also examined were method 
for improving saline soils, and the salt toler- 
ance of a number of crop plants. 


Of considerable importance was N. A. Dimo’ 
pioneering investigation of the quantitative salt 
balance in the plant-soil-subsoil-ground water 
system; in this study he used very deep soil 
profiles. First performed on Golodnaya steppe 
soils, this complicated investigation was re- 
peated by Dimo later when studying saline soils 
of the Muganskaya steppe in Azerbaydzhan and 
the Alazani lowland in Georgia. These studies 
were of great value not only to soil science thec 
but also to the practice of saline-soil meliora- 
tion in Azerbaydzhan, Georgia, and other dis- 
tricts of the country rich in saline soils. 


4, Soil biology. N.A. Dimo pioneered in 
the organizing of many soil zoology investiga- 
tions; he brought to light the soil-forming role 
of ants, termites, earthworms, desert lice, @ 
and small vertebrates. Moreover, he develope 


*Pochvovedeniye, 1948, No. 12, p. 708, 


1873—1959 


riginal methods of estimating the numbers and 
work"' of various soil organisms. 


Earthworms in Central Asian soils (1938) 
of great interest. In it the soil-fertility 
ilue of worms is clearly shown, and the de- 
2endence of the earthworm population on the 
2gree of soil cultivation is determined. 


N. A. Dimo was a resolute opponent of the 
ewpoint that deserts and desert soils are lack- 
ig in life. By a number of examples he con- 
ncingly demonstrated that desert soils are 
ll of living things, and that the biological fac- 
r plays a considerable role in desert-soil 
mation. 


At the present time Dimo's biological works 
re available in a summary collection entitled 
bservations and investigations of soil fauna 
cishinev, 1955), 


5. Study of the soils of Moldavia. Upon 
sturning to his homeland in Moldavia in 1945, 
ter a long absence, N. A. Dimo organized a 
umber of soil institutions — the Chair and 
epartment of Soil Science at Kishinev State 
niversity, and the Division of Soil Science 
ow the Soil Institute) of the Moldavian Branch 
the Academy of Sciences, USSR. A large 
ils staff and laboratory were also created at 
e Ministry of Agriculture of the Moldavian 
IR. 


It must be remarked that, until 1945, the 
ate of knowledge of the soils of densely popu- 
ted Moldavia was at an extremely low level. 
9 detailed soil surveys had been conducted 
ere. These, however, were essential: the 
public has extremely varied soils and prac- 
ces many forms of agriculture, of which such 
‘anches as viticulture and horticulture have 
‘eat individual importance. 


At the present time 400 Moldavian kolkhozes 
ve already received detailed soil data of a 
10,000 scale. On the basis of these data the 
il Institute of the Moldavian Branch has been 
piling composite soil maps at 1:50,000, 
th sketches of all 40 administrative districts 
Moldavia. N.A. Dimo directed all this work. 
sginning in 1946 he published a series of arti- 
es dealing with the soils of Moldavia; in 1958 
s work, Soils of Moldavia, their problems of 
udy and principal features, was published in 
separate edition. In it, drawing upon the 
eat amount of material obtained during his 
ry last years, Dimo described the specific 
atures of Moldavian forest soils, particularly 
e chernozems. He came to the conclusion 
at it was necessary to distinguish a separate 
oldavian soil province geographically wider 
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than the boundaries of the republic. 


Dimo's range of scientific interests was not 
restricted to the subjects mentioned previously. 
He investigated the physical properties of soil 
and methods for studying them; and he wrote 
several articles on the history of science, among 
which V. V. Dokuchayev — organizer of the 
university (1946) is particularly interesting. 


N. A. Dimo is also known as a designer and 
inventor. In 1940 he proposed construction of 
a combine for creating a cultivated layer on 
stony soils. Until recently he worked success- 
fully with N. N. Koz'yakov on a special machine 
for deep chiseling of soil. 


Dimo did much for Soviet higher education. 
As early as 1920 he was drawn by Academician 
O. Yu. Shmidt to re-organize higher agricul- 
tural education. Two universities were created 
with the guiding participation of N. A. Dimo — 
the Central Asian (1920) and Kishinev (1946) 

— and, in both, soil and agronomical sciences 
occupied a worthy position. 


During the Great October Revolution N. A. 
Dimo fulfilled the responsible mission of 
commanding the Transcaucasian and North 
Caucasian front. 


The public service of N. A. Dimo was broad 
and many-faceted. Up to the last days of his 
life he was adeputy and member of the Presidium 
of the Supreme Soviet of the Moldavian SSR. 


For his great services, Dimo was awarded 
the Order of Lenin, two orders of the Red 
Banner of Labor, the V. V. Dokuchayev gold 
medal, medals "For the defense of the Cauca- 
sus, '' ''For victory over Germany, "' and other 
government medals. 


Such is the brief and undoubtedly incomplete 
outline of the outstanding scientific activity of 
N. A. Dimo. 


Death removed from the ranks of Soviet 
soil scientists the beloved Nikolay Aleksandro- 
vich Dimo, a remarkable man and scientist, 
until the last hours of his life full of enthusi- 
asm and creative plans, who gave all his 
strength for the good of our great socialist 
fatherland. 


Presidium of the All-Union Society of Soil 
Scientists 
V.V. Dokuchayev Soil Institute, Academy of 
Sciences, USSR 
Soil Institute, Moldavian Branch, Academy of 
Sciences, USSR 
Editors of Pochvovedeniye 


et ee ee ee 


REVIEW 


i EES 


PRACTICAL LABORATORY EXERCISES IN SOIL SCIENCE. 1957 


L. N., ALEKSANDROVA and 0.A. NAYDENOVA 


This manual of practical laboratory exer- 
cises in soil science for agricultural colleges 
was published by Sel'khozgiz in 1957 (10,000 
copies). The issuing of such a manual is quite 


justifiable and timely. The manual is applicable 


to the course program in soil science for agri- 
cultural colleges and covers all practical stu- 
dent work; it begins with laboratory exercises 
and concludes with field-training practice. 
This book compares favorably with similar, 
previously published manuals, in which the 
authors generally limited themselves to ex- 
plaining laboratory methods for investigating 
soils. To the book's credit, the authors pref- 
ace each new section covering a group of an- 
alyses designed to characterize some soil prop- 
erty with a short theoretical explanation en- 
titled 'General concepts. " 


Besides giving a positive appraisal of the 
book, we must mention certain real shortcom- 
ings. There is no clear, unified system for 
explaining the material on each student labora- 
tory exercise. When beginning a soil analysis, 
the student must know why the given analysis is 
performed, the nature of the method to be used, 
and the step-by-step determination procedure 
including the most convenient form for record- 
ing the analytical data. 


In our opinion, material on each analysis 
should be presented in the following form: 1) 
value of the analysis; 2) principle (essence) 
of the method; 3) procedure; 4) record form; 
and 5) example of the calculation of the re- 
sults of the analysis. 


It must be kept in mind that the students of 
agricultural colleges must learn how to con- 
duct analyses of the greatest practical value. 
Furthermore, the most rapid, simple to per- 
form, and sufficiently exact methods of soil 
analysis must be employed. The manual does 
not entirely meet these requirements. Tedious 
methods are presented which cannot always be 
carried out even in agricultural colleges, not 
to mention under ordinary working conditions. 
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To this category belong the determination of 
adsorption capacity and exchangeable cations 
of calcium and magnesium by the Gedroits 
method, particle-size analysis by the pipette 
method, etc. 


In the manual much is said about the degree 
of solonetz formation in soils, but not one 
method of determining the adsorbed sodium 
in soil is provided. It seems to us that the 
gypsum (volumetric) method developed by 
I. N. Antipov-Karatayev and L. Ya. Mamayeva 
might have been given. It is never indicated 
under which conditions a given method is either 
applicable or inapplicable. This is relevant, 
for example, in the case of the Kappen method, 
by which the total adsorbed cations in the soil 
are determined. 


When explaining the analysis of the water 
extract (page 63), mention is made of deter- 
mining the potential (not the titration) acidity. 
This introduces confusion into the concept of 
the kinds of soil acidity, especially since on 
page 44 two basic forms of acidity are spoken 
of: active and potential (including exchange- 
able and hydrolytic). On page 92 the specific 
gravity of soil (solid phase) is defined to be 
the weight of 1 cm of solid particles of dry 
soil. It would have been more accurate to de- 
fine the specific gravity of the solid phase of 
the soil as the ratio of the weight of a definite 
volume of solid particles of soil to the weight 
of water in the same volume (at 4°C). Sucha 
definition of the specific gravity of soil follows 


from the very analytic procedure given in the 
book, 


There are errors or misprints in the book. 
On page 16 the weight of 1 ml of CO, at 0°C 
and 760 mm (atmospheric pressure) is given 
to be 1.872 mg, which does not agree with 
what is presented in the table on page 18, On 
page 59 it is said that a 0.005% concentration 
of soda (Na,CO,) causes plants to die, while 


on page 145 this concentration is given as 
0.05%. 


LABORATORY EXERCISES IN SOIL SCIENCE 


It is to be hoped that in a succeeding edition In spite of the defects indicated, the manual 
f the book the section on basic methods of grav- __ will undoubtedly be a useful guide for students 
metric, volumetric, and colorimetric analysis of agricultural colleges. 
vill be presented at the beginning of the book. 
This section should be supplemented by informa- 
ion about the preparation of percent solutions. Reviewed by I. Noll’ 
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